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PREFACE 

TO 

THE  FliTH  EDITION. 


The  additional  fiicU  and  observations  introduced 
into  various  parts  of  the  present  Edition,  together 
with  several  new  cuts  and  sections,  and  one  new 
chapter,  have  considerably  increased  its  size,  but 

the  price  will  remain  the  same  as  that  of  the  Fourth 
Edition. 

The  now  Cliaj)ter,  Nine,  relates  to  a  e^eiicral  fact, 
which  has  hitherto  almost  escaped  the  attention  of 
Geologists  z~**  On  the  removal  and  disappearance  of 
coal  strata,  raised  above  the  surtace  of  the  ground 
by  Faults,  and  on  the  probable  causes  of  this  re- 
moval/' Whether  the  causes  assigned  by  the 
Author  shall  be  deemed  satisfactory  or  otherwise^ 
he  trusts  he  has  rendered  a  useful  service  to 
Geolog}',  by  directuig  the  attention  of  enquirers  to 
the  subject. 
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On  re-examining  with  attention  the  First  Edition 
of  this  work,  published  twenty-five  years  since  (1818), 
the  Author  has  felt  satisfaction  in  observing,  that  many 
of  his  opinions  in  Geology,  which  were  then  new,  have 
•  been  proved  to  be  correct,  by  subsequent  discoveries. 
He  has  been  more  particularly  gratified  by  finding,  that 
his  anticipations  of  the  agency  of  Voltaic  Electricity, 
in  the  formation  of  metallic  ores,  and  liis  suggestions 
that  the  difl^erent  electrical  conditions  of  adjacent 
rocks,  contributed  to  the  separation  and  deposition  of 
metallic  matter  in  veins,  ajipcar  to  luive  received  ii 
full  contirmation,  by  the  interesting  experiments  of 
Mr.  Crosse.  What  the  Author  stated  on  this  subject 
in  the  Edition  of  1813,  has  been  republislied,  ver- 
batim, in  all  the  subsequent  Editions,  and  is  given  in 
the  present  Volume,  pp.  499,  500 ;  tp  which,  and  the 
observations,  pp.  ^06  and  J07,  he  refers  tlie  reader. 

In  the  Preface  to  the  Fourth  Edition  of  this  work, 

it  was  stated,  that  endeavours  were  made  by  some 
continental  conchologists,  to  establish  the  doctrine, 
that  fossil  conchology,  independent  of  the  succession 
and  stratification  of  rocks,  is  the  true  basis  of  Geo- 
logy. In  this  country,  attempts  to  divert  Geology 
from  its  pj  oper  object,  a])pcar  to  be  in  some  instances 
progressive.  In  order  to  enhance  the  value  of  organic 
remains,  it  has  been  said,  tliat  the  mineral  covering 
of  the  globe  is  the  mere  brick  and  mortar  of  the 
edifice,  and  of  course  entitled  to  little  consideration ; 
and,  in  a  definition  of  Geology,  given  in  an  ingenious 
and  popular  work,  the  knowledge  of  the  mineral  com- 
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composition y  and  arrangement  of  the  rocks  and 
strata  is  omitted,  and  the  science  is  limited  to 
"  the  investigation  of  ttie  changes  that  have  taken 
place  in  the  organic  and  inorganic  kingdoms  of 
nature,  and  their  causes.*'  (see  note,  p.  4.) 

I  he  Author  beheves,  that  this  is  what  the  Germans 
call  a  one-sided  view  of  the  science,  and  he  ventures 
to  maintain,  that  the  princi])al  object  of  Geoloiry  is 
to  investigate  tiie  composition  and  contents  oi  diti'e« 
rent  rocb  or  strata,  together  with  their  position, 
and  arrangement,  and  their  order  of  succession. 
Without  this  knowledge,  we  can  obtain  no  satis- 
fictory  information  whatever,  respecting  the  former 
changes  which  tlie  hurlace  of  the  eartii  has  under- 
gone* 

This  may  be  made  obvious  to  any  person  of  sound 
understandings  whether  he  be  a  Geologist  or  not. 
Suppose  him  to  pass  near  the  steep  escarpment  of  a 
hill  or  cliff,  in  which  the  strata  are  distinctly  exposed 
to  view,  and  that  their  position  was  highly  indined 
or  nearly  vertical.  If  he  examined  them  closely,  he 
might  find  some  of  the  strata  composed  of  clay  more 
or  less  indurated,  others  of  sand  and  sandstone,  and 
among  these  he  might  observe  strata  containing 
rounded  or  water-worn  pebbles,  and  some  beds  with 
oyster  shells,  or  other  species  of  aquatic  siiells.  A 
little  reflection  would  convince  him,  tliat  these  beds 
had  been  deposited  under  water,  Uke  the  beds  of 
mud  or  sand  in  seas  or  lakes.    If  such  was  their 
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mode  of  formation,  they  must  originally  have  been 
deposited  in  a  position  nearly^  horizontal,  but  the 
strata  he  is  examining  are  now  nearly  vertical ;  hence 
he  is  assured,  that  their  jjosition  has  been  changed 
since  their  deposition.  Thus,  by  a  knowledge  of  the 
composition  of  the  beds,  and  their  arrangement  in  a 
vertical  position,  he  discovers  two  important  geo- 
logical events,  which  he  could  not  otherwise  have 
ascertained.  In  almost  all  descriptions,  in  which  it 
in  uitumpted  to  demonstrate  tlie  former  changes 
of  the  earth's  surface,  the  evidence,  to  be  of  any 
value,  must  be  su|)j)orted  by  references  to  the 
present  structure  and  arrangement  of  the  mineral 
crust  of  tiie  globe ;  this  forms  the  basis  of  all  sound 
geological  inductions.  Fossil  organic  remains,  how- 
ever interesting  to  the  Botanist  or  Zoologist,  are 
chiefly  valuable  to  the  Geologist,  by  enabling  him 
to  trace  the  succession  of  distant  beds  where  their 
continuity  is  interrupted,  and  also  to  discover  the 
alternations  fix>m  marine  to  fresh-water  formationst 
and  in  tome  instances,  they  serve  to  indicate  the 
former  condition  and  temperature  of  the  earth. 

The  changes  of  the  earth's  surface,  which  take 
place  during  the  short  interval  of  one  generation^ 
are  seldom  of  sufficient  magnitude,  to  effect  any 
distinguishable  alteration  in  the  physical  outline  of 
a  countiy;  but  by  connecUng  tiiese  clianges  with 
those,  which  the  investigation  of  the  structure  of 
the  crust  of  the  earth,  proves  to  have  taken  j)lace  in 
remote  ages,  we  are  enabled  to  unrol  some  pages  of 
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the  Volume  of  Nature,  that  (ii:5cio6e  a  portion  of  the 
ancient  history  of  the  globe. 

The  investigation  of  the  past  changes  which  th6 
earth  has  undergone*  forms  a  valuable  branch  of  tlie 
sdence  of  Geology ;  the  chapters  relating  chiefly  to 
this  aulgect,  are  placed  in  the  latter  part  of  the 
present  Edition,  and  are  separated  from  the  pre- 
ceding chapters  by  a  distinct  Titie-page»  and  a  brief 
notice. 

Hampstead,  near  London, 
March  29,  ld3a 
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the  Third  and  Fourth  EdUwM, 

The  Editor  belleyet  that  he  U  perfonning  a  semee  to  hb 
eountry,  by  encouraging  the  republication  of  a  woric  oonqiicuoua 
for  attraetiveneas— for  perBpicuity — for  a  style  generally  yigoroua 
and  correct— often  eloquent  and  beautiful ;  and  for  an  independence 
of  spirit,  which  carries  the  Author  straight  forward  to  Us  object, 
certainly  without  any  servile  regard  to  preWons  systems.  While 
bestowing  this  merited  commendation,  we  do  not  mean  to  say,  that 
we  fully  adopt  all  the  Autiiors  theoretical  views,  although  most  of 
them  appear  to  be  philosophical  and  just,  and  some  of  them  are 
peculiarly  happy. 

Speaking  in  the  character  of  a  j)ul)lic  instructor  of  youth,  I  beg 
leave  to  add,  that  my  immediate  motive  for  rcconmiendiiig  the  re- 
publication was,  that  I  mifrht  place  in  the  hands  of  my  own  classes, 
a  comprehensive  Treatise  on  Geology,  which  they  would  be  willing 
to  read  and  able  to  understand. 
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The  present  Volume  contains  above  one  fourth  more  letter- 
pren  than  the  Third  £dition :  being  printed  closer^  and  in  a 
foller  page,  in  order  to  comprise  nomerous  additional  fiusta^ 
and  the  important  discoveries  recendy  made  in  Geology. 

1  Ik  i  l-  are  five  entirely  new  chapters,  beside  considerable  ad- 
diiioiis  to  most  of  the  former  chapters. 

Since  the  publication  of  the  Third  Edition,  the  Author  has 
revisited  several  of  the  localities  which  were  the  scenes  of  his 
earliest  investigations ;  he  has  also  examined  certain  parts  of 
England^  of  which  the  geology  was  dubious ;  and  has  inserted 
in  this  work  such  alterations  as  were  deemed  necessary. 
These,  however,  bear  a  small  proportion  to  the  valuable 
labours  of  foreign  and  English  geologists,  (hiring  the  last  five 
yearsy  of  which  an  account  is  given  in  dillerent  parts  of  the 
volume.  In  a  preliminary  dissertation,  on  certain  living  species 
cf  animals  that  elucidate  fossil  conchology,  and  also  in  the 
work  itsd^  the  Author  has  endeavoured  to  direct  the  attention 
of  geological  students  to  a  subject  hitherto  much  neglected. 
Great  importance  is  attached  to  the  study  of  fossil  shells;  but 
the  character  of  the  animals  that  inhabited  them,  or  the  power 
they  might  possess  of  modifying  the  form  of  the  shell  under 
various  circumstances,  has  scarcely  been  thought  of.  Some 
French  conchologists  are  endeavouring  to  establish  the  doc* 
trine,  that  fossil  conchology}  independent  of  the  succession  and 
stratification  of  rocks,  is  the  only  true  basis  of  geology ;  and  a 
trifling  difference  in  the  form  of  a  shell,  is  deemed  sufficient 
to  constitute  a  new  species,  and  to  warrant  the  most  important 
conclusions  respecting  the  age  of  rock  formations. 

If  the  same  conchologists  were  interrogated,  respecting  the 
power  which  the  ancient  inhabitant  of  the  shell  might  possess^ 
1^  changing  its  structure  when  placed  in  differoit  circum- 
stances, they  would  he  compelled  to  confess  their  ignorance. 
A  knowledge  of  fossil  shells  is  highly  useful  to  tlie  geologist, 
in  cases  where  the  superposition  of  strata  eaiuiot  l)e  ascertained; 
but  fossil  shells  alone,  give  us  less  positive  information  re»pect« 
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iiig  tlie  ancient  condition  of  the  globe,  than  the  organic  re- 
mains of  other  classes  of  animals,  or  of  vegetables ;  because^ 
for  any  thing  we  know  to  the  contrary,  all  the  species  of 
molluscous  animals  that  inhabited  these  shells,  may  have  been 
capable  of  living  in  the  same  medium,  and  under  the  same 
conditions.  But  different  species  of  vertebrated  animals,  and 
plants,  must  have  existed  under  very  different  conditions,  on 
land,  or  in  water.  M.  Boue,  an  enlightened  and  indefatigable 
continental  geologist,  to  whose  labours  the  science  is  greatly 
indebted,  is  nieritorionslv  endeavourinix  to  resist  the  absurd 
attempt,  to  force  Fossil  Conchology  into  the  chair  of  Geology* 
I  trust  his  example  will  be  followed  by  English  geologists* 
Indeed,  I  am  convinced  that  many  of  the  frivolous  distinctions 
Introduced  by  conchologists  will  soon  pass  away,  as  those  of 
mineralogy  have  already  passed;  and  that  these  two  branches 
of  natural  history,  will  take  their  proper  stations,  as  auxiliaries 
snbtervient  to  geology. 

It  will  be  seen,  by  the  titles  to  the  new  chapters  in  the 
present  volume,  that  they  comprise  various  subjects  connected 
with  im})ortant  enquiiies  relating  to  the  Theory  ot  tlie  Earth. 
The  opinions  of  the  autlior  have  not  been  rashly  advanced,  to 
oppose  or  maintain  the  systems  of  other  geologists:  they  are 
the  result  of  long-continued  reflection,  on  what  appeared  to 
him  the  most  probable  explanations  of  geological  phenomena. 
The  author  says  prebaMe,  because  he  considers  that  the  words 
truth  and  certainty,  cannot  yet  be  introduced  with  advantage 
into  geological  theories. 

The  Third  Edition  of  this  work  was  republished  in  America, 
in  1829,  by  Professor  Silliman  of  Yale  Collei^e,  Connecticut, 
the  distinguished  editor  of  the  ^luicrican  Journal  of  Science. 
It  was  commenced  without  any  previous  communication  or 
acquaintance  with  the  author.  The  author  will  be  satisfied  if 
the  present  work  should  be  thought  deserving  of  the  com- 
mendation given  by  the  American  editor,  of  being  com- 
prehensive Treatise  on  Geology,  which  the  student  will  be 
willing  to  read,  and  able  to  understand." 

Samjpstead,  near  LondoHt 
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The  First  and  Second  Editions  of  the  Intrflducfioit  to  Geology 
were  favourably  received^  and  sold  o&  soon  after  their  publi- 
cation. The  work  has  since  been  translated  and  published 
in  Germany,  by  Mn  Frederick  Midler  of  Friburg ;  bat  it  has 
been  long  oat  of  print  in  this  eoantry.  The  causet  which 
have  retarded  the  publication  of  a  Third  Edition  it  is  un-' 
ikressary  to  mention:  tlie  delay  has,  I  truest,  been  favourable 
to  its  appearance  in  a  very  improved  state ;  as  I  have  been 
coUecting  materials  for  it,  during  several  years,  having  visited 
almost  every  situation  of  much  geological  interest  in  our  own 
island,  from  the  Land's  £nd  in  Cornwall,  to  the  Grampian 
Moantains  in  Soothmd;  and  passed  part  of  three  yean  in 
eiamining  the  geology  of  Savoy,  Switzerland,  and  France. 
Tliere  acarccly  a  rock  formation  descril)ed  in  the  })rc'bent 
volnme,  that  1  have  not  examined  in  its  native  situation,  and 
compared  with  the  descriptions  of  former  geologists.  I  have 
also  had  opportimities  of  examining  the  collections,  and  of 
profiting  by  the  oommanications,  of  some  of  the  most  eminent 
geologists  on  the  Continent 

While  engaged  in  these  ponaits,  I  have  not  been  inatten- 
tive to  the  labours  of  other  observers.  So  numerous  and 
interesting  are  the  discoveries  made  in  geology  during  the 
last  ten  years,  that,  in  order  to  present  a  concise  view  of  the 
science  in  its  present  advanced  state,  the  Introduction  to  Geo* 
bffy  has  been  reoomposed,  and  all  the  chapters  axe  greatly 
enlaiged. 

The  following  new  chapters  have  been  added  :^0n  Fossil 
Oiganic  Remains.   On  the  Principles  of  Stratification.  A 
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Retrospective  View  of  Cieological  Facts.  On  the  Destruction 
of  Mountains  ;  and  on  the  Bones  of  Land  C^uadrii|»eds,  found 
in  Diluvial  D^'positiuns  and  in  Caverns.  On  the  l  urniation 
of  Valleys  ;  and  on  Delutjes  and  Denudations.  —  The  Plates 
are  new,  except  Plate  1\  .  and  part  of  Plate  VII. 

The  Outline  Map  of  the  Geology  of  England  and  Wales, 
was,  I  believe,  when  published  in  tlie  First  Edition  of  181d» 
the  only  geological  map  of  England  that  had  then  appeared. 
It  presents  in  one  view  the  grand  geological  divisions  of  the 
country,  without  delineating  the  different  strata  in  each  divi« 
mon.  It  was  thought  that  the  publication  of  this  Map  in  its 
original  form,  (or  nearly  so,)  would  be  acceptable  to  those 
who  wished  to  gain  a  general  knowledge  of  the  geology  of 
their  own  country,  without  entering  into  geological  details. 

In  the  course  of  the  present  work,  I  have  fi^equently  at- 
tempted to  elucidate  the  geology  of  England,  by  comparisons 
with  situations  I  have  esaunined  on  the  Continent,  in  order 
to  connect  the  geology  of  our  own  island^  with  that  of  France 
Switzerland,  and  Savoy*  By  comprising  the  numeroos  facts 
and  observations  contained  in  the  present  volume,  within  the 
limits  of  an  elementary  work,  from  the  desire  to  be  concise^ 
I  may  have  run  the  risk  of  becoming  obsciure :  tliis  I  have 
studiously  endeavoured  to  avoid. 

For  any  errors  into  which  I  may  have  inadvertently  fallen, 
I  would  claim  the  candid  indulgence  of  the  reader,  in  the  last 
words  of  tliat  distinguished  geologist  Horace  Benedict  de 
Saussnre^    On  peut  itre  uHle,  tant  atteindn  d  la  ptrfrctitm," 

Hampstead,  near  London^ 
March  10,  1828. 
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THE  FIRST  AND  SECOND  EDITIONS, 
IN  1613  AND  1615, 
ABEIDG£D. 


Ik  tracing  the  progress  of  knowledge^  we  may  frequently  ob- 
serre  that  the  cultivation  of  particular  branches  of  science^  at 
certain  periods,  was  determined  by  causes  which  had  little 
connection  with  tlieir  intrinsic  utility.  Fashion,  caprice,  and 
the  authority  of  eminent  namps,  crovern  mankind  in  philoso- 
phy, as  well  as  on  all  other  sul)jects.  But,  independently  of 
accidental  causes,  there  are  leading  objects  in  the  universe^ 
which,  as  nations  advance  in  civilisation,  seem  naturally  to 
direct  their  attention  to  certain  sciences  in  succession.  The 
brilliancy  of  the  sun,  moon,  and  planets,  their  various  mo- 
tions, and  connection  with  the  changing  seasons,  would  first 
arrest  the  attention  of  the  rude  philosopher;  nor  need  we 
wonder  that  he  soon  began  to  regard  them  as  endowed  with 
life  and  intelligence,  and  attributed  to  them  a  mysterious 
power  over  human  af&irs :  thus  the  heavenly  orbs  became  the 
objects  of  religious  adoration ;  and  curiosity,  hope,  and  fear, 
lent  their  aid  to  the  early  cultivation  of  astronomy. 

Mathematics  and  mechanical  philosophy  are  s.o  intimatelv 
connected  with  astronomy  and  the  most  useful  arts,  that  they 
naturally  claimed  the  second  place  among  the  early  sciences. 

The  branches  of  philosophy  which  comprise  a  knowledge 
of  the  physical  qualities  of  matter,  or  such  as  are  perceptible 
by  the  senses,  follow  next;  and  at  a  later  period,  chemical 
philosopliy,  01"  tliat  science  which  endeavours  to  ascertain  the 
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elementary  substance.s,  oi'  which  alJ  material  objects  are  com- 
posed. In  the  order  of  succession,  mineralogy  and  geology 
are  the  last  of  tlie  natural  sciences ;  for  though  an  acquaint- 
ance with  the  earth  is  more  important  to  man,  than  a  know- 
ledge of  the  distant  parts  of  the  univeney  ye^  previously  to 
the  cultivation  of  the  other  sciences^  and  of  chemistry  in  par- 
ticular, our  knowledge  of  the  mineral  kingdom  could  not  ex- 
tend much  beyond  that  of  the  rudi  st  periods.  Thus  we  find, 
that  notwithstanding  the  precious  metals,  and  many  of  tlie 
mineral  treasures  which  the  earth  contains,  Iiave  been  tlie 
objects  of  insatiable  cupidity  in  every  age,  yet»  till  the  present 
day^  almost  all  that  was  known  of  mineralogy  was  confined  to 
uneducated  working  miners. 

In  looking  over  the  pages  of  history  we  may  observe,  that 
the  most  polislied  nations  of  antiquity  had  scarcely  advanced 
beyond  a  limited  acquaintance  with  iistronomy,  geometry,  and 
mediauical  philosophy.  In  modern  Europe,  all  the  natural 
scieneesi  geology  and  mineralogy  excepted,  have  been  suc- 
cessfully cultivated,  and  their  progress  has  been  astonishingly 
rapid ;  but  till  about  the  middle  of  the  last  century,  the  struc- 
ture of  the  earth  had  scarcely  engaged  the  attention  of  phi- 
losophers. Near  that  time,  Lehman,  the  German,  first 
observed  that  there  are  certain  rocks  which  occupy  the  lowest 
relative  situation  in  different  countries^  and  that  these  rocks 
contain  no  organic  remains :  hence  he  gave  tiiem  the  name  of 
primary,  and  established  a  division  between  them  and  the 
rocks  by  which  they  are  covered,  in  which  the  remains  of 
animals  or  vegetables  frequently  occur :  the  latter  he  called 
secondary.  In  our  own  country,  the  Reverend  J.  Michell 
was  the  first  p^^rson  who  appears  to  have  luul  any  clear  views 
respecting  the  structure  of  the  external  parts  of  the  eartli : 
they  were  made  public  in  a  valuable  paper  on  tBe  cause  of 
earthquakes^  in  the  Philosophical  Transactions,  1759.  About 
twenty  yean  afterwards,  Mr.  John  Whitehurst  published  his 
Inquiry  into  the  original  State  and  Formation  of  the  Eartii.** 
His  observations  were  principally  confined  to  the  rocks  and 
strata  of  Derbyshire.  Independently  of  its  speculative  opi- 
nions, this  work  was  liighly  valuable  as  an  attempt  to  describe 
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the  geology  of  a  district,  from  actual  examination.  The  gn  ai 
vaiie^  of  original  ioformatiou  it  contained,  and  its  general 
accniacy,  will  remain  a  lasting  monument  of  the  writer's  in* 
dntry  and  abili^.  Mr.  Whitehunty  however,  fell  into  the 
nme  error  with  the  edebmted  Werner  in  Saxony,  an  error 
to  which  the  firit  cultivatorB  of  geology  were  particularly  ex«> 
posed, —  thai  of  drawing  general  conclusions  IVoin  local  ob- 
servations, and  ibrming  universal  theories  from  a  limited 
number  of  facts. 

Though  Mr.  Whitehurst's  book  was  fitvoiuably  received, 
jet  till  the  banning  of  the  present  century  geological  pur- 
suits made  little  progren  in  England.  On  the  continent 
the  researches  of  Saussiire^  Pallas,  Werner,  St  Fond,  Dole- 
mieu,  and  others,  had  before  this  time  produced  a  powerful 
interest  and  brought  into  the  field  many  active  and  en- 
lightened enquirers.  The  first  general  impulse  given  to  the 
pdblie  taste,  for  geological  investigations  in  this  country,  was 
produced  by  Professor  Play&ir's  luminous  sipd  eloquent 
illoBtntions  of  the  Huttonian  theory.  The  leading  feature 
of  this  theory,  that  all  rocks  or  strata  have  been  either 
formed  or  consolidated  by  central  subterranean  lire,  was  very 
warmly  opposed  ;  and  much  personal  animosity  and  many  ad- 
ventitious circumstances  were  associated  witli  the  contest,  not 
highly  honourable  to  philosophy,  but  well  calculated  to  keep 
alive  the  attention  of  the  disputants  to  those  appearances  in 
nature^  which  fiivoured  or  opposed  their  different  theories. 

He  who  attempts  to  make  a  scientific  subject  familiar,  rims 
the  risk,  in  this  country,  of  being  deemed  superficial :  a  plenti- 
ful share  of  dullness,  combined  with  a  certain  degree  of  tech- 
nical precision,  is  regarded  as  essential  proofs  of  profundity. 

prescriptive  right,  long  established  in  these  realms  dull« 
nm  and  pedantry  guard  the  portals  of  the  temple  of  Science, 
and  command  those  who  enter,  to  avert  their  e3res  from  what^ 
ever  can  elevate  tlie  imagination,  or  warm  the  heart,  and  to 
look  at  nature  through  a  sheet  of  ic^'.  In  compliance  with 
iheir  autliority,  writers  of  introductory  treatises  have  gene- 
rally thought  it  necessary  to  avoid  that  felicity  in  the  familiar 
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illustration  of  scientific  subjects,  so  conspicuous  in  some  of  the 
elementary  works  of  our  neighbours.  Without  yenturing  to 
depart  too  fiir  from  established  usage,  I  have  endeavoured  to 
render  geology  more  intelligible^  by  avoiding,  as  much  as 
possible^  theoretical  and  technical  language,  and  byintrodue- 
ing  a  simple  arrangement,  suited  to  the  present  state  of  our 
knowledge.  The  local  illustrations  from  various  parts  of  our 
island,  with  the  drawings,  sections,  and  map  in  the  present 
volume,  willy  I  trust,  facilitate  the  study  of  geology,  and  prove 
particularly  acceptable  to  those  who  are  entering  on  these 
enquiries:  at  the  same  time^  I  flatter  mysdf  with  the  hope^ 
that  the  original  information  this  work  containsi  reflecting 
the  geology  and  natural  history  of  England,  will  secure  it  a 
candid  reception.  —  Edition  of\%\S, 

Several  have  been  deterred  from  the  study  of  geology  by 
the  supposed  difficulty  of  learning  its  attendant  science^ 
mineralogy;  but  an  acquaintance  with  the  nice  distinctiona 
made  by  mauy  modem  mineralogists,  is  not  necessary  to  gain 
a  knowledge  of  the  structure  and  arrangement  of  the  great 
masses  of  matter  that  environ  the  globe,  nor  of  the  substances 
of  which  they  are  composed.  He  who  would  gain  a  ust-lui 
knowledge  of  geology,  ^vould  do  well  to  provide  hini^jelf  with 
specimens  of  common  rocks,  and  the  simple  minerals  of  which 
they  are  composed,  and  examine  their  external  characters 
and  physical  properties,  comparing  them  with  the  descrip- 
tions given  by  the  best  mineralogical  writers.  Fortunately 
these  substances  are  not  very  numerous,  and  he  may  (without 
present  inconvenience)  omit  the  more  rare  crystallisations  riiid 
varieties,  so  much  valued  by  cahinet  philosophers;  for  here, 
as  in  many  other  instances,  the  received  value  is  in  an  in- 
verse ratio  of  the  utility.  The  pedantic  nomenclature,  and 
frivolous  distinctions  recently  introduced  into  mineralogy, 
may  gratify  vanity  with  a  parade  of  knowledge;  but  they 
are  unconnected  with  objects  of  real  utili^,  or  with  any 
enlarged  views  of  nature. 

On  hearing  the  various  names  which  minei  alogi-sis  give  to 
the  same  substance,  and  observing  the  avidity  with  which 
each  new  name  is  seized,  as  if  it  conveyed  a  hidden  charm. 
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the  uninitiated  might  suppose  that  he  was  ''journeying  in 
the  land  of  Shinar,"  and  had  fallen  in  company  with  a  set 
of  masons  fresh  from  the  tower  of  Babel,  each  one  calling  the 
same  stone  by  a  difierent  name,  and  glorying  in  his  absurdity. 
Sueh  fmolities  disgust  men  of  sense  with  the  study  of  an 
important  and  interc'sting  science ;  a  science  that  has  for 
its  immediate  object  the  structure  of  the  planet  which  tlie 
Author  of  nature  has  destined  for  our  abode,  and  an  ac- 
quaintance with  the  situation  of  its  various  mineral  produo- 
tioDi^  subservieot  to  the  wants  or  enjoyments  of  man  in 
arilised  socie^. 

The  advice  of  Cicero  to  the  cultivators  of  moral  science, 
ifiplies  with  peculiar  ibrce  to  the  geologists  and  mineralogists 
of  the  present  day.  "  In  these  natural  and  laudable  pur- 
ioits,  two  errors  are  particularly  to  be  avoided:  the  firsts 
not  to  confound  those  things  of  which  we  arc  ignorant  with 
thoee  we  know,  or  rashly  to  yield  our  assent  without  due 
investigation;  the  aeoond>  not  to  bestow  too  much  labour 
and  study  on  obscure^  intricate  and  unprofitable  subjects.'* — 
**  hk  hoe  genere  et  naturali  et  honesto  duo  vitia  vitanda 
sunt:  unum,  ne  incognita  pro  cognitis  habeamus,  bisque 
temere  assentianuir  (quod  vitium  eftugere  qui  volet,  adhi- 
bebit  ad  considerandas  res  et  tempus  et  diligeutiam.)  Alte« 
nun  est  vitium^  quod  quidam  nimis  magnum  studium 
moItBnique  operam  in  res  obscuras  atque  difficiles  oon- 
foonty  cosdemgne  non  neceasarias."—  Cie,  Qffic  L  6. 
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DESCRIPTION  OF  THE  PLATES. 


The  Frontispiece  is  a  birdWye  view  of  the  river  that  descends 

from  the  FaUft  of  Niagara  to  whero  it  issues  from  the  channel 
which  it  has  excavated,  into  the  plain  at  Queen  Town.  The  ilis- 
tant  country  extending  to  Lake  Erie  is  introduced,  to  represent 
the  physical  structure  of  the  country.  See  p.  365.  The  plate  is 
taken  from  a  sketch  drawn  near  Queen's  Town,  in  1829,  by  Kobert 

Plate  I. 

Fig8.  l,%3y  ^  5,  6.   lUustratioot  of  plane  and  curved  stratifica- 
tion.  (See  Chap.  IV.) 

Plate  II. 

Fig.  I.  Overlapping  strata  with  straight  edges. 

Fig.  5.  Overlapping  strata  with  curved  edges. 

Fig.  2.  Structure  of  a  part  of  the  Alps,  representing  the  beds, 
Beariy  vertical,  that  approach  the  central  range,  and  the 
bended  stratification  of  the  outer  ranges.  The  dotted 
lines  reprc  ^^(-nt  the  supposed  extension  of  tlio  beds  at  the 
period  of  their  elevation;  granite  and  mica-slate; 
c  beds  of  soft  slate ;  b  a,  b  a  a,  beds  of  secondary  lime- 
stone, sandstone,  and  eonp^lomerate;  x  y  2?  represent  the 
arched  stratification  of  the  outer  ranges. 
Fig.  4.  A  section  representingthe  airangemeDt  of  the  rochs  and 
strata  at  Clianiwood  Forest,  in  Xeicestenhire^  from  the 
manor  of  Whitwicfc,  to  near  Barrow-on-Soar.  In  this 
section  the  proportions  of  distance  are  disr^gardedt  in 
order  to  bring  the  different  rock  formations  within  the 
space  of  the  plate,  a  a  a,  stratified  red  sandstone ; 
b  b,  rocks  of  granite,  sienite,  and  porphyry ;  c  c,  slate- 
rocks  of  Swithland  quarry,  the  beds  much  elevated; 
d  dt  coal  stratat  rising  towards  the  granitic  and  slate* 
rocks;  ^  lias,  covering  the  red  marl  at  Barrow:  the  ele- 
valed  strata  out  of  the  line  of  Section  on  the  left  hand 
side  of  the  plate,  represent  linK  stone  rocks  of  Clouds 
Hill  and  Breedon.  It  is  obvious  from  this  arrangement, 
that  the  strata  of  sandstone  a  a  a  were  deposited  upon 
the  slate-rocks  and  granite,  after  the  beds  liad  been  raised 
into  their  present  position :  whereas  in  fig.  2*  the  beds  a  a 
have  evidently  been  deposited  before  the  beds  of  granite 
in  the*  Alps  were  elevated ;  and  as  these  beds  aOfhaby  are 
of  more  recent  formation  ttian  the  sandstone  a  a  in  fig.  ^ 
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their  position  proves  decitiedly,  that  tlie  Ixds  of  granit** 
in  the  Alps  were  elevated  after  the  beds  of  granite  and 
sUfce  ID  Leioestenhire.  (See  chap.  28.) 
Fig.  3.  A  granite  vein  in  slate. 

Fig.  6.  The  remaining  portion  of  a  thick  bed  of  limestone,  forming 

an  isolated  mass  &  on  a  mountain  in  Savoy,  a  a,  the 
former  extent  of  the  bed;  c  c,  a  bed  of  soft  sandstone. 

Plate  III. 

Fig.  1.  The  conformable  position  of  rocks,  a,  pranite ;      trneiss ; 

c,  mica-slate;  d  d,  slate;  x  Xf  a.  subordinate  bed  ul  lime- 
stone in  slate ;  2,  a  bed  of  con^omerate ;  e  e,  transttloA 
limestone  and  greywacke  $  f  f,  coal  strata. 

Fig.  2.  Af  unconformable  massive  rocks ;  a  thick  bed  of  porphyry 
or  basalt  r  c,  covering  the  transition  rocks  1,  2,  3,  and 
dykes  of  porjihyry  or  basalt  intersecting  transition  rocks. 
—  N.B.  The  porphyry  at  Christiania,  in  Norway,  occurs 
in  this  position;  the  lower  part  of  it  is  amygdaloidal 
basalt ;  the  middle  part  is  porphyritic,  which  passes  in 
the  upper  to  beautiful  sienite  and  common  granite.  (See 
page  227.)  The  rocks  b,  on  the  right,  represent  the  three 
modes  of  basalt :  a  columnar  bed  </,  with  a  vertical  dyke 
of  busalt,  and  beds  of  interposed  basalt;  6  is  an  isolated 
cap  of  eoluuinar  ba-^alt. 

r'ig.  li.  L'nconfonnal)lc  strata  ut  ^aJldstone,  covering  c<^al  strata  on 
the  side  of  the  dip  it,  and  on  the  side  of  the  rise  d.  (See 
page  188.) 

Fig.  4.  A  section  of  the  strata  near  Dudley,  Staffordshire,  a, 
Wren's  Nest  Hill ;  the  two  beds  of  limestone  are  folded 

round  the  hill,  as  represented  in  the  small  compartment 
B,  which  is  an  horizontal  seetion  of  the  two  beds  of  lime- 
stone rt,  b  ;  the  thirty  feet  bed  of  Staffordshire  coal  c  is 
seen  cropping  out  near  the  foot  of  Wren's  Nest  Hill; 
B,  the  arrangement  of  the  limestone  strata  at  Dudley 
Castle  Hill ;  n,  a  hill  capped  with  basalt.  In  this  section 
the  proportion  of  distance  has  been  disregarded^  for  the 
same  reason  as  in  Plate  II.  fig.  4. 

Plate  IV. 

Fig.  1.  Arrangement  of  the  strata  from  Sheffield^  in  Yorkshirei  to 
Castlet»»ii,  in  Derbyshire. 

Fig.  2.  Coal  strata,  arranged  in  basin-shaped  concavities^  and  inter- 
sected by  a  fault 

Fig.  3.  Coal  strata  thrown  up  by  a  broad  dyke.   ( See  Chap.  VIII.) 

Fig.  \.  Coal  strata  intersected  by  faults  at  different  epochs. 

Fig.  5.  Metallic  veins  in  limestone,  cut  through  by  toadstone. 

Plate  V. 

The  gigantic  XriloiMte,  and  two  smaller  species. 
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Plate  VI. 

Map  of  the  gt  ology  of  Englaoii  and  Waie^  and  a  tectiou  of  the 
Vale  of  Tliames. 

px^ATs  vn. 

A  MctioD  of  England  through  Durham  and  CumbcriaDd ;  a  group 
of  ootomnar  trap  rocks,  Cader  Idrb ;  ground  plans  of 
melaUie  Terns,  ftc 

Plate  VIII. 

Liring  illustmtions  of  fossil  conchology 
Fig.  1.  Cuttle  fish,  or  Sepia. 

2.  Beak  of  a  Calmar. 

3.  The  Nautilus  Puiupilius  and  its  shell. 
4w  A  Scaphite. 

5.  A  Hamite. 

6.  Cornu  Ammonia,  or  ammonite* 

7.  Indented  partitions  of  an  ammonite. 

8.  Baculite. 

9.  Reieninite. 

10.  Turrilite- 

11.  Spirala.  • 

12.  Orthoeeratlte. 
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PRELIMINARY  OBSERVATIONS 

ON  THE  OBJECTS  CONTAINED  IN  PLATE  VIII.,  ENTITLED 
"  LIVING  ILLUSTRATIONS  OF  FOSSIL  CONCIiOLOGV,"  WilTl 
REMARKS  ON  THE  GROWTH  OF  CHAMBERED  SHELLS,  AND 
ON  THE  EXISTENCE  OF  ANIMAL  LIFE  AT  GREAT  DEPTHS  IK 
TBB  OCBAir. 

Man,  when  he  beoomes  the  historian  of  the  animal  kingdom, 
generally  considers  his  own  structure  as  a  type  of  the  most 
perfect  omnisation ;  and  remds  those  animals  diat  depart 
the  nioet  mm  this  type,  and  have  the  smallest  number  of 
senses^  as  the  least  peiroct.  Strictly  speaking,  every  animal 
is  perfect^  that  is,  so  orgaiused  as  to  answer  the  purposes  for 
which  it  was  created :  yet  with  reference  to  ourselves,  we 
may,  without  much  improprie^  of  language^  call  those 
animals  which  have  the  smallest  number  of  senses  and  organs^ 
the  most  imperfect  The  very  earliest  inhabitants  of  the 
aneient  worm  appear  chiefly  to  have  belonged  to  those  orders 
of  animals,  that  had  little  power  of  locomotion,  and  few  organs 
of  sense:  many  of  them  were  without  heads  or  eyes, 
and  wore,  like  the  oyster,  confined  in  shells,  which  they 
could  merely  open  and  close.  Of  these  there  were  such 
immense  multitudes,  that  cilcareous  mountains  of  vast  mag- 
nitude and  extent,  are  sometimes  chiefly  composed  of  their 
remains. 

From  what  we  see  of  the  present  animal  creation,  we  have 
reason  to  believe,  that  creatures  ol'  every  species,  when  free, 
and  provided  with  the  aliment  they  require,  derive  pleasure 
from  the  very  action  of  their  organs,  and  from  existence 
itself.  Of  the  kind  or  extent  of  the  happiness  enjoyed  by  a 
creature  envdoped  in  darlmess,  and  witnout  head,  heart,  or 
eyes,  or  the  power  of  removing  its  habitation^  we  can,  how- 
ever,  form  no  idea ;  yet  for  any  thing  we  know  to  the  con- 
trary} the  inhabitant  of  a  bivalve  dieU,  may  be  far  happier, 
dum  the  monk  immured  in  his  stony  cell,  or  than  other 
iuUviduals  of  the  highest  order — Man— who,  however  per- 
fect their  physical  organisation,  make  but  little  use  of  the 
intellectual  and  moral  fiwultiea^  figuratively  called  the  head 
and  the  heart. 
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Dr.  PiJey»  m  his  ^  Natural  Theology^"  has  some  beautiful 
reflections  on  the  a|^>arent  happiness  enjoyed  by  shoals  of 
young  shrimpsy  that  were  bounding  into  the  air  from  the 
shallow  margin  of  the  water,  or  from  wet  sand.  He  ob- 
serves: "  If  any  motion  of  a  mute  animal  could  express  de- 
]'v^\\t,  it  was  tliis."  Wo  cannot  take  cognisance  of  the  actions 
of  creatures  enc  loscd  in  bivalve  shells ;  but  a  distinguisluxl 
philosopher  was  so  fully  convinced  of  tlie  liappiness  enjoyed 
by  testaceous  animals,  that  lie  calls  calcaiLous  niountain!», 
filled  with  their  remainsy  monuments  of  tlie  felicity  of  past 
ages,** 

Beside  the  animal  remains  visible  in  calcareous  mountains, 
they  contain  countless  myriads  of  minute  shells,  which  can 
only  be  discovered  by  the  niicrosco^K?.  In  a  few  specimens 
of  chalk  examined  by  Mr.  Lonsdale,  he  ascertained  among  a 
multitude  of  these  shells,  a  great  variety  of  distinct  species. 
The  coral  islands  and  reeft  in  tropical  cUmates  are  entirely 
formed  by  animal  secretion^  and  it  is  probable  that  many 
ancient  calcareous  formations  have  had  a  similar  origin. 
.  It  is  with  a  view  to  excite  the  curiosity  of  the  geologiosl 
students  and  to  direct  bis  attention  to  something  beside  the 
<«teni«l  ibim  of  diella.  th«t  I  ofibr  the  ibUowing  obwrvaP 

tions. 

The  reader  who  is  entirely  unacquainted  with  conchology 
may  form  some  genend  idea  of  a  shell,  if  he  be  told  that  it 
is  a  univalve^  like  a  snail  or  a  perriwinkle;  or  a  bivalve^  like 
the  musde  or  cockle. 

There  are,  however,  numerous  fossil  bodies  classed  with 
shells,  of  which  the  general  reader  can  form  no  notion  what- 
ever from  the  names; — such  are  the  orthoceratite,  the  sca- 
p]nt<*,  &c.  These  are  called  chambered  cells,  from  their 
being  divided  by  partitions  into  numerous  cells  or  chambers; 
a  tube,  called  a  siphunculus,  passes  tlirough  the  whole  series 
of  chambers. 

Till  within  the  last  few  years,  these  chambered  shells  have 
been  considered  as  tlie  habitation  of  marine  animals,  like  the 
bivalve  and  univalve  shells;  but  a  little  reflection  may  con- 
vince us,  tliat  the  chambers  in  most  ol  these  shells  were  much 
too  small  to  contain  the  animal,  nor  could  tlie  animal  possibly 
pass  from  one  diamber  to  another.  There  is,  however,  one 
living  species,  in  which  the  outward  odl  or  chamber  is  so 
much  larger  than  the  rest,  that  there  is  sufficient  space  to 
contain  a  preat  part  of  the  animal  This  is  the  nautilus  pom- 
piliusy  an  inhabitant  of  the  Indian  Ocean.  (See  Plate  VIII.* 
ng.  %  taken  from  a  drawing  by  Mr.  Owen»  which  repre- 
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•mit  the  animal  eol^paed  in  the  last^  or  open  chamber  of 
theshelL 

The  animals  belonging  to  the  different  chambered  sheUs 
are  called  by  Cuvier,  Cephalopodes,  because  the  organs  of 
motion  are  placed  round  the  head,  and  they  walk  witli  their 
heads  downwards.  The  living  species  of  ceplialopodes  are 
for  the  most  part  without  any  external  shell;  but  some  have 
an  internal  hard  substance  without  chambers,  of  which  the 
cuttle-fish  bone  affords  a  familiar  example.  Tliis  is  taken 
out  of  tlie  body  or  sac  of  the  aalmal the  sepia  officinalis^ 
which  is  common  on  our  coasts. 

Tlie  general  character  of  the  cephalopodes,  as  given  by 
Cuvier  in  his  Rtfpie  AnimnJ^  torn,  iii.,  is,  "that  the  mantle  or 
cloak  is  united  under  the  body  of  the  animal,  and  forms  a 
muscular  sac,  which  envelopes  all  the  viscera.  The  head 
projects  from  the  opening  of  the  sac;  it  is  round,  and  has  two 
large  eyes,  and  is  surrounded  (convonnec)  by  Ik-^hy  anus  or 
feet,  which  are  conical,  and  vary  in  length  in  diflereut  species. 
These  anus  bend  iti  every  direction,  and  are  exceedingly 
powerfuL  On  the  surface  of  these  arms  are  numerous  suckers, 
faj  which  the  animal  &xen  itself  strongly  to  Uie  bodies  that  it 
seises  and  enfolds.  These  arms  serve  the  animal  both  to 
seise  its  prey,  to  walk,  or  to  swim.  It  walks  in  every  direc- 
tion, having  the  head  bdow,  and  tlie  body  above.  At  the 
base  of  the  arms  is  the  mouth,  which  is  provided  with  two 
strong  jawB  resembling  the  beak  of  a  parrot,  and  also  with  a 
fleshy  gisExard  like  that  of  a  bird.  Most  of  these  animals, 
when  pursued,  excrete  a  particular  black  liquor,  which 
darkens  the  water,  and  conceals  them  from  their  enemies. 
Tliere  is  a  fleshy  funnel  placed  near  the  neck,  which  serves 
tlie  animal  for  its  excretions,  and  also  to  eject  the  water  tiiat 
it  absorbs  for  the  purpose  of  respiration.  They  are  of  two 
sexes,  and  are  voracious  and  cruel:  as  they  have  great  agility 
in  seizing  their  prev,  they  destroy  multitudes  of  fish  and 
crustaceous  animals.* 

Tlie  Calmai{.  Mr.  Needham,  celebrated  for  liis  micro- 
scopic discoveries  in  the  last  century,  paid  particular  attention 
to  the  structure  and  habits  of  the  calmar,  off  the  coast  of 
Portugal.  The  calraar,  in  all  its  essential  parts,  resembles 
tite  common  sepia,  but  instead  of  the  internal  shell  or  bone 
of  the  sepia,  it  has  a  horny  plate  in  its  place.  Mr.  Needham 
s^  that  the  bhu^  liquor  or  ink  which  it  ejects,  is  used  for 
the  purpose  of  blinding  die  animals  on  which  it  preys;  they 
are  chiefly  pilchards.   The  annexed  cut  is  reduced  from 
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Mr.  Needham's  figure  of  the  ealmar :  it  agrees  with  tfaai  of 
the  animal  of  the  spirula,  as  described  by  Lamarck*  mudh 
better  than  the  figure  given  by  BUinv^eu 


Into  figure  I  have  Introdaoed  an  ontline  of  fSbe  shell 
of  the  spirulat  like  the  shell  on  the  right  hand.*  The  shdl 
of  the  apirula  is  as  complex  as  that  of  the  nautilus^  but 
it  18  evident  that  its  form  and  growth  were  the  result  of 
animal  oraanisation,  and  totally  independent  of  the  skill  or 
Tolition  of  the  animal,  as  much  so  as  the  vertebras  and  bones 
of  vertcbrated  animals.  Now,  if  we  suppose  the  animal  to  be 
much  larger,  and  to  have  within  it  a  straight  chambered 
shell,  like  the  orthoceratite  on  the  left  hand,  (which  is  some- 
times three  feet  in  length,)  in  this  case  we  must  also  admity 
that  the  shell  was  perfectly  formed  witliin  the  animal, 
before  it  issued  from  the  egg,  and  grew  with  its  growth.  AU 

*  Several  bodiwi  of  molluscous  animals,  each  containing  a  shell  of  the  spinila, 
have  hvvn  fuimd  near  the  Canary  Islands.  The  shell  is  entirely  internal,  and  the 
Aninml  had  tins  and  large  eyes  reaembling  the  calnuu*.  VEcho  du  Monde  SavatU, 
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ike  chambered  shells  we  are  acquainted  with  (except  the 
lunitiltiSy  and  perhaps  some' species  of  ammonites)  were  in- 
temal,  and  grew  independently  of  animal  Tolition ;  and  why 
naturalists  uioald  suppose  that  the  nautilus  constructs  its 
own  shdl,  making  one  chamber  after  another,  I  am  utterly 
at  a  h)88  to  conjecture.  It  appears  to  me  a  completo  depai^ 
tore,  without  any  reason,  from  what  is  known  respecting  the 
spinila,  and  what  is  admitted  respecting  all  internal  cham- 
bered shells.  The  siphuncKs  heside  its  function  of  a  floaty 
so  well  explained  by  Dr.fiuckland,  is  probably  connected 
with  a  series  of  minute  vessels,  distributed  through  the  shell, 
which  are  essential  to  its  growth.* 

Some  of  the  cephalopodes  with  chambered  shells,  must  have 
been  very  kir<re,  as  there  are  ammonites  two  feet  in  diameter, 
and  orihoceratites  from  two  to  three  feet  in  length.  Dr.  Milne 
Edwards  says,  there  are  living  sepia  in  the  Indian  ocean, 
from  four  to  six  feet  in  lenu:th.  The  flesh  of  the  sepia  was 
esteemed  a  great  luxury  by  the  ancients,  and  is  now  ^ten 
by  tlie  fishermen  in  the  Isle  of  PortiancL 

The  nautilus  pompilius,  represented  Plate  VIII.  fig.  3.,  in 
chiefly  intended  to  show  the  position  of  the  animal  in  the 
shell,  a  section  of  which  is  given,  representing  the  interior 
chambers,  and  tlie  sipljunculus  passing  tiirough  them.  The 
animal  is  less  perfect  in  its  organisation  than  those  species  of 
sepia  that  are  without  extenal  shells.  It  had  ninety-two  arms 
or  tent8cu]aB.t   The  nautilus  is  both  recent  and  fiMsil. 

FW.  1.  Plate  VIIL  is  the  sepia  octopedu,  an  inhabitant  of 
die  BriUsh  seas:  it  diSBm  from  the  calmar  in  the  form  of  its 
body;  the  latter  hss  fins  and  two  feders,  much  lower  than 
the  odiei%  as  represented  in  the  above  cut  Hate  Vfil.  fig.  2. 
is  die  beak  of  the  calmar. 

Sfibula.  If  the  figure  of  the  animal  containing  the  8pirul% 
as  given  by  Blainville  from  Perron,  be  not  imaginary,  there 
nrast  be  two  animalg,  bearing  similar  sheila,  one  of  them 
resembling  the  calmar.  The  shell  of  the  spirula,  see 
Plate  VIII.  fig.  U.,  is  nearly  like  that  of  the  nautilus^  but 
the  whorls  do  not  touch  each  other.  | 

*  The  stony  stem  oF  the  fofliil  encrinite,  when  suspended  and  duMoIrcd  in 
diluted  murLilic  acid,  discloses  a  scries  of  internal  filires  or  vessels,  and  it  is 
probable  that  analogous  fibres  are  distxibuted  through  all  internal  shells.  Indeed, 
dM  oaatilm  is  not  entirely  an  external  dicll ;  a  part  of  it  b  enveloped  in  tba  «w 
or  mantle,  as  may  be  seen  in  Plate  VIII.  fig.  3. 

f  Sec  Ol>sorvation9  on  the  difTerenoe  between  oamplesity  of  organiiatiou  and 
pedection  of  structure.    Page  4S. 

I  Tba  aniniol  that  inlnbits  the  thin  open  shell  called  tlie  paper  nautilus,  but 
mure  properly  the  argonaut,  in  also  a  species  of  S^ia;  it  IS  jffmilWW  in  the  MedU 
torancan.    It  is  very  rarely  found  fossil. 
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The  AMMONITE  (fig.  6.)  of  which  there  are  nomeitNis  q>eciefl^ 
diflfers  greatly  from  the  chambered  nanUlin^  the  whorls  or 
turns  being  all  distincti  and  in  the  same  plane^  and  the  cells 
are  very  small.  The  siphnnculus  is  placed  near  the  outer 
edge  of  the  shell.  In  many  tiffecles,  the  cells  are  divided  by 
indented  partitions,  as  represented  in  fig.  7. :  in  other  species 
the  cells  are  undulated.  Some  ammonites  in  the  vicini^  of 
Bath»  are  eighteen  inches  or  more  in  diameter.  Ammonitest 
though  so  abundant  in  the  secondary  strata,  have  not  been 
found  in  a  recent  state,  except  the  account  can  be  relied  upon» 
of  their  havincr  been  discovered  in  the  Pacific  Ocean. 

The  s(  Ai'Hi  I  E  resembles  an  anmionite  partly  unrolled.  A 
very  remarkable  specimen  of  one  recently  discovered  in 
France  is  rejiresented,  fig.  4.  It  is  not  improbable,  that  many 
internal  shells  were  conijwsed  rather  of  a  corneous  snbstiince 
than  of  shell,  and  were  capable  of  being  coiled  or  folded  by 
the  will  of  the  juiimal. 

Fig.  8.  The  raculite  is  a  straight  chambered  sheU.  The 
divisions  are  indented  like  those  of  the  ammonite. 

Fig.  12.,  the  ortuoceratite  is  a  straight  chambered  shell 
resembling  the  ammonite  unrolled,  but  the  cells  are  divided 
by  concave  partitions^  as  in  the  nautilus.  Some  orthoceratites 
are  two  or  more  feet  in  length:  the  animal  that  contained 
them  must  have  been  of  vast  sixe.  Orthoceratites  are  the 
most  ancient  of  fossil  chambered  dbellt^  and  are  chiefly  found 
in  transition  limestone. 

The  UAurrMf  fig.5.»  is  bent  like  a  hook,  from  which  it' 
takes  its  name;  in  other  respects  it  resembles  the  baculite. 

The  LiTuiTK  resembles  the  hamite^  but  the  smaller  end  is 
coiled  liked  the  spiruUu 

Fig.  9.,  the  BELEMNiTE  IS  a  straight  shell  with  an  internal 
chambered  cone.  In  perfect  specimens,  the  topmost  cham* 
l)or('d  shell  is  greatly  enlarged,  and  forms  a  cup  in  which  the 
ink  bag  was  placed.    See  JJuckland's  B.  T.,  vol.  i.  p.  .371. 

Fig.  10.  The  Ti  RRiLiTE  is  a  long  spiral  chambered  shelly 
frequently  found  in  the  green  sand  of  the  Alps. 

Fig.  13.  The  nummulite  {so  called  from  its  reaemblance 
to  a  small  Roman  coin)  has  nearly  a  Hat  or  lenticular  form. 
It  has  within  it  a  cavity,  divided  by  partitions  into  numerous 
small  cells,  but  without  a  syphon  or  siphunculus  ;  part  of  the 
outside  of  the  shell  is  removed  in  the  figure,  to  show  the 
internal  cliauibercd  structure.  This  little  fossil,  forms  entire 
calcareous  hills  and  immense  beds  of  building  stone  in  some 
countries.  ^  It  is  of  stone  composed  of  these  shells  that  the 
Pyramids  of  Egypt  are  constructed."   Cuvier,  li^ne  Jnimal* 
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The  animal  to  which  the  shell  oi  tiie  luimmulite  Mongctl, 
was  supposed  to  be  a  cephalopode,  like  the  sepia,  but,  accord- 
ing to  Dr*  Milne  Edwards,  the  animal  is  fowid  livhig  in  tlie 
Meditenancan  sea»  and  is  neitlier  a  oephalopode^  nor  anv 
other  genus  of  molusea*  but  has  a  ni^pilar  structure,  which 
appears  to  approach  to  that  of  a  pol^'pus.  Ekmem  da  Zaologiey 
pu  787.  From  the  number  of  oak  or  foramina  in  the  ntmi- 
mulite^  th^  have  reoeiYed  from  the  French  the  name  of 

We  come  now  to  other  orders  of  moUusoous  animals,  whose 
orn^isation  is  less  complex,  and  their  powers  of  motion  more 
limited,  tiian  in  the  cephalopodes.  These  are  the  inhabitants 
of  bivalve  and  univalve  shells.  The  first  are  called  by  Cuvier 
Acephalous,  being  without  heads.  Of  these  the  oyster  offiers 
tlie  most  familiar  example.  Most  of  the  species  are  perma- 
nently attached  to  rocks,  and  have  no  member  to  protrude 
beyond  the  shell.  Those  species  of  the  oyster  family  Uiat  ai*e 
not  attached  permanently,  can  only  move  by  driving  out  the 
water,  as  they  suddenly  shut  tlie  valves  of  the  sliell.  Species 
of  oUier  genera  of  bivalvesi  though  without  heads,  possess  the 
power  of  locomotion. 

Fig.  16.  represents  tlie  animal  and  shell  of  a  Bucardium. 

This  animal  puts  out  a  triangular  body,  formed  ol*  two 
pipes  or  tubes,  separated  and  flat,  but  which  become  round 
as  the  water  enters  by  the  lower  tube,  and  goes  out  at  the 
upper  one,  Tlie  tnbes  are  surrounded  witJb  hairs.  When 
the  animal  is  disturbed^  or  hears  a  nois%  it  throws  out  water 
to  the  distance  of  a  foot  When  it  wishes  to  change  its 
quarters  it  protrudes  a  long  foot,  and  seeksy  with  the  further 
ioA  of  it,  some  object  or  point  of  support,  to  which  it  fixes  it; 
the  animal  then  duaws  btMck  its  shdl  about  two  inches  at  a 
time,  till  it  has  attained  or  reached  the  spot  where  it  derires 
to  abide.  Cuvier  regards  one  of  the  tnbes  as  suited  for 
respiration  by  the  absorption  of  water,  and  the  other  for  its 
excretions.  He  further  statesy  that  bivalves  which  have  these 
tabes*  livev buried  in  mud  or  sand. 

The  animab  inhabiting  univalve  shells  are  chiefly  classed 
by  Cuvier  as  Grasteropodes,  from  their  movin^^  on  their 
stomachs  like  snails.  In  most  species  of  univalves,  tjie 
animal  has  a  liead  with  two  eyes,  and  a  trunk  resembling  the 
trunk  of  an  elephant  ;  with  this  trunk  it  seizes  its  food;  and 
in  some  species  the  trunk  is  used  lor  piercing  other  shells. 
The  animal  crawls  U{X)n  a  fleshy  foot,  near  the  end  of  which 
diei  e  is  a  horny  substance  called  an  oj)erculiini,  that  serves  as 
ii  door  to  dose  the  shell,  when  the  animal  withdraws  into  it. 
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In  many  specks  of  univalve^  the  animal  can  fold  the  mantle 
ip  as  10  film  a  tabe  which  protnidea  into  the  water»  while  the 
head  and  foot  remain  in  the  shelL  Some  species  of  univalves 

are  carnivorous,  others  are  herbivorousy  and  the  nature  of 
their  fix>d  delennines  their  residence^  either  near  the  shore  or 
in  deep  water. 

Fi^«  16.  represents  the  shell  and  animal  of  a  species  of 
Buccinum,  which  agrees  with  the  above  description  of  the 
inhabitants  of  univalve  shells.  The  foot  on  which  it  crawls 
is  on  the  left  hand,  witli  the  oval  operculum  near  the  end  of 
it  On  the  right  hand  of  the  figure,  at  the  top,  the  mantle  is 
represented  folded,  to  form  a  tube,  as  above  described. 

In  some  species,  both  of  bivalve  and  univalve  shells,  the 
animals  depart  considerably  from  the  general  character  of  the 
class  to  which  they  belong.  There  are  some  bivalves  which 
have  the  cavities  of  the  shells  divided  by  partitions,  the  uses 
of  which  are  not  knouTi ;  and  some  univalves  have  an  appa- 
ratus for  swiniiTiinG:  on  the  surface  of  the  water. 

The  Hippuritc,  a  remarkable  fossil  bivalve,  with  a  deep 
conical  under  shell,  and  a  flat  lid,  is  represented  fig.  14.  It 
is  clawed  by  Cuvior  with  the  oyjiter  finnily ;  and  by  Parkin- 
souy  with  chambered  sheUs.  The  nature  of  the  animal  is 
unknown.  The  shell  is  divided  by  tranverse  s^ta,  or  par- 
titkma^  on  which  account  Mr.  Parkinson  places  it  amons 
other  species  of  chambered  fossils.  The  exbtenoe  of  a  lid 
seems  to  proves  diat  it  was  not  an  internal  shell»  Imt  the 
habitation  of  die  animal. 

The  Janthina  is  a  beautiful  purple-coloured  univalve  shelly 
nearly  resembling  in  form  the  snail ;  Lamarck  discovered, 
that  it  could  not  crawl  on  its  foot,  but  that  the  foot  is  covered 
with  air  bladders,  which  enable  the  animal  to  rise  and  swim 
on  the  surface  of  the  water.  The  janthina  is  common  in  the 
Mediterranean  ;  when  touched,  it  excretes  a  deep  purple 
liquor,  which  tinges  the  surrounding  water.  (Cuvier,  IL  A. 
torn.  iiL)  There  are  other  animals  occupying  univalve  shells, 
that  have  the  power  of  swimming.  The  Lymnea  stagnalis, 
an  inhabitant  of  ponds,  swims  on  the  surface  of  the  water  in  a 
reversed  position.  It  descends  by  compressing  itself  within 
the  shell,  and  expelling  the  air,  and  thus  sinks  immediately  to 
the  bottom.  Mr.  Parkinson  rightly  conjectures,  that  the 
shells  resembling  the  Helix,  or  snail,  in  tlie  older  strata,  were 
constituted  for  swimming,  like  the  janthina:  they  could 
scarcely  have  used  a  foot  for  crawling,  at  the  bottom  of  a  deep 
and  agitoted  ocean. 

We  come  now  to  another  division  of  the  animal  kingdom, 
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called  by  Cuvier  Eadiaied.  See  Chap.  II.  Some  of  the 
animals  oomprMed  in  chu  division  have  left  abondant  remains 
in  the  fiiinl  state,  partieularly  ihe  enerinite  and  the  pentap 
erinila  These  animab  had  a  stenif  composed  of  nunerous 
plates,  and  terminating  in  bnmdbes  snrrounding  the  month, 
resembling  the  stem  and  branchss  of  a  vegetable.  Both  ^ 
enerinite  and  pentacrinite  were  supposed  to  be  extinet;  but 
a  living  pentacrbnis  has  been  dinovered  in  the  West  Indies, 
and  a  smaller  species,  more  recently,  in  the  Cove  of  Cork. 
This  has  been  described  by  Mr.  J.  V.  Thompson,  of  Cork.  A 
drawing  of  this  animal,  taken  by  Mr.  Thompson,  is  given. 
(Plate  VIIL  %.  17.)  A  cut  of  a  remarkable  species  of  fossil 
enerinite  is  given,  p.  275. :  it  is  named  the  Lily  Enerinite^ 
because  the  arms,  when  folded,  resemble  the  head  of  the  lily. 
Indeed,  the  whole  class  of  encrinites  and  pentacrinites  are 
called  crijioideOf  from  krijwti,  the  lily,  by  Mr.  Millar,  in  his 
valuable  work  on  these  fossils.  The  arms  of  part  of  a  Bria- 
rean  j>entacrinite  are  represented,  p.  302. 

In  the  enerinite,  the  stem  is  composed  of  numerous  round 
plates,  or  vertebrjc ;  the  branches  are  also  composed  of  nu- 
merous smaller,  but  similar  plates,  as  may  be  seen  by  refer- 
ring to  fig.  17.  and  the  cuU.  The  pentacrinite  differed  from 
the  enerinite,  by  the  plates  or  vertebrae  of  the  stem  and 
blanches  being  pentagonal.  The  stems  of  both  were  attached 
to  loefcs.  They  appear,  like  Tariotis  polipiy  to  have  increased 
by  tlurawing  out  tateFsl  stems  (see  the  above  fig.)  The  cal- 
careons  vertebrae  that  finmed  the  stem  and  branehei^  were 
envdoped  bj  a  thin  coat  of  animal  matter,  which  most  have 
possessed  great  muscular  power,  to  have  enabled  the  animal* 
to  move  its  arms  with  facility,  when  seiaiog  its  prey. 

In  fig.  17.  the  expanded  arms  of  the  upper  head  of  the  pen- 
taerinnsb  expose  the  pentagonal  aperture  or  month  in  the 
centre;  and  a  little  above  this  is  a  round  tube  or  aperture, 
which  serves  for  the  excretion  of  the  fasces.  In  fig.  18.,  which 
is  a  head  with  the  arms  removed,  it  will  be  seen,  that  the 
excreting  tube  projects  a  little  above  the  mouth.  One  head 
of  the  pentacrinus  is  represented  as  folded,  and  another  as 
partly  collapsed.  As  these  animals  were  enveloped  in  a  thin 
ilohy  covering,  their  calcareous  remains  may  be  regarded  as 
portions  of  the  skeleton.  Some  beds  of  mountain  limestone, 
in  Derbyshire,  are  almost  entirely  composed  ot'  broken  stems 
and  branches  of  encrinites,  not  uncommonly  called  entro- 
cliites. 

One  object  of  inquiry  connected  with  the  sttt<jtjr  of  marine 
^oology  (whether  recent  or  fossil)  relates  to  toe  depth  at 
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jAlch  antBMLS  can  edit  below  the  surface  of  the  sea.  When 
we  exanune  a  cakaveora  moiintuny  sevefal  thounad  feet  in 
height,  and  oWr? e  marine  organic  remainsy  both  in  the  upper 
and  the  lower  bed%  we  might  infer,  that  the  animals  in  the 
lower  beds  had  originallj  existed  at  a  depth  equal,  at  least, 
to  the  height  of  the  mountain :  but  this  inferenee  would  not 
be  a  certain  one,  for  the  ground  may  have  subsided  after  the 
deposition  of  the  lower  l)jsd,  and  other  beds  may  have  been 
subsequently  formed  upon  i^  prior  to  the  final  emeigence  of 
the  mountain  from  the  ocean. 

The  average  depth  of  the  sea  is  estimated  to  be  from  two 
to  five  miles :  at  the  lesser  of  these  depths,  the  total  absence 
of  light,  and  the  pressure  of  the  ocean,  are  conditions  sup- 
posed to  be  incompatible  witli  the  existence  of  animal  lire. 
If  this  be  really  the  fact,  by  far  the  largest  portion  of  the 
surface  of  the  globe  would  be  a  dead  and  dark  expanse  of 
the  watery  abyss.  We  are  however  under  no  necessity  of 
admitting  this  conclusion.  An  indefinitely  smaller  j)ortion 
of  light  than  can  be  perceptible  by  the  human  eye,  may  suf- 
fice for  animals  very  differently  constituted  from  those  which 
live  in  the  atmosphere.  The  luminosity  of  the  ocean  and  the 
phosphoresence  of  decomposing  animal  or  vegetable  sub- 
Stance,  may  afford  light,  equal  to  all  tlie  wants  of  the  lowest 
tenants  of  the  deep.  With  respect  to  the  pressure  of  the 
ocean,  it  is  so  great,  at  depths  much  less  thui  what  certain 
animals  do  subsist  at^  that  their  means  of  xesbting  the  eflfect 
of  such  pressure  are  perfectly  mysterious,  and  thereibre  we 
cannot  nimt  the  extent  to  which  this  pressure  may  be  in* 
creased  without  the  destruction  of  life*  Gaptain  Scoresby 
states  that  the  snrfiu»  of  a  whale  which  may  amount  to  1540 
square  feet,  supports  under  the  atmosphere,  a  pressure  of 
1386  tons,  but  at  the  depth  of  800  &thoms  in  the  sea,  the 
pressure  is  increased  ta  21 1,000  tons,  equal  to  the  weight  of 
six  of  the  largest  ships  of  the  British  nayy  when  fully 
manned,  and  provisioned  for  a  six  months*  voyage.  A  hollow 
ball  of  metal,  when  sunk  a  few  hundred  yards  in  the  sea,  is 
crushed  flat:  how  then  can  the  chambered  shell  of  tlie  nau- 
tilus resist  such  a  pressure,  except  by  admitting  water  within 
the  cells.  A  cockleshell  if  it  closed  so  tight  as  not  to  admit 
water,  would  at  great  depths  be  crushed  by  external  j^ressure, 
but  the  pressure  from  without  would  be  instantly  removed 
by  opening  the  shell. 

I  am  inclined  to  believe,  that  some  communication  exists 
between  tlie  siphunculus  and  the  chambers  of  chambered 
shells,,  by  which  water  is  admitted  internally,  to  resist  tlie 
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external  pressure.  It  is  true  Mr.  Owen  could  discover  no 
communication  between  the  sipluincle  and  the  chambers  in 
the  shell  of  the  nautilus,  but  it  must  be  remembered,  that  the 
specimen  he  examined  had  been  dead  several  months,  and 
was  preserved  in  spirits. 

The  more  important  difficulty,  however,  remains  unex- 
plained, how  animal  life  can  be  preserved  from  the  tffects  of 
great  pre$suref  Wood,  when  submerged  in  the  sea  to  the 
depth  of  about  1500  vards,  had  the  pores  so  filled  in  a  short 
tune^  that  it  was  much  heavier  than  water,  and  sank  like 
stone.  The  mysterious  prindple  of  life  and  sensation,  which 
the  sacred  historian  impressively  calls  the  breath  of  the 
Creator,'*  can,  we  well  know,  suspend  the  laws  of  chemical 
aflinity,  or  preserve  living  bodies  from  their  influence^  but 
when  life  is  withdrawn,  these  affinities  commence  their  ope- 
ration, and  decomposition  takes  place.  Perhaps  the  living 
principle  has  in  some  cases  the  power  also  of  suspending  the 
eifects  of  terrestrial  gravitation  or  pressure.  How  this  resist- 
ance to  chemical  affinity  and  to  gravitation  is  effected,  is 
ibly  placed  beyond  the  reach  of  haman  discovery. 
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CHAPTER  I. 

Oljecte  of  the  Science  denomtnated  Geology.  —  Definitlont  of 

Geology  and  Physical  Geography. —  The  Shape  and  Density. of 
the  Earth. —  Opinions  respecting  the  internal  Parts  of  the 
Globe.  —  Central  Ileat.  —  Temperature  of  the  Earth. — Sea  and 
dry  Land.  —  Proportion  of  the  Earth's  Surface  hahitahle  by 
Mao. —  On  the  Appearances  which  led  to  the  first  Division  of 
Roda  into  Frimoiy  and  Secondary. — Claiaification  of  Rocks*— 
Dtstrictt  m  which  the  different  Classes  appear  in  England^  The 

f resent  Islands  and  Continents  formerly  covered  by  the  Ocean. — • 
Existing  Proofs  of  this  in  Great  Britain  and  various  Parts  of  the 
World.  •— Fossil  Remains  of  marine  Animals,  Vegetables,  and 
land  Quadrupeds;  the  Strata  in  which  they  are  imbedded 
formed  in  Succession  at  different  Epochs.  —  On  human  Bones 
occaaionally  imbedded  in  Rock,  —  Inferences  respecting  the 
former  Condition  of  the  Globe.  —  Remarkable  Pessage  in  the 
Inttitates  of  Menu* 


Tn  this  Chapter  the  auAor  hag  endeavoured  to  give  such  an  outline 
of  the  science,  and  its  practical  application  to  the  knowledge  of 
the  Geology  of  England,  as  may  be  clearly  and  easily  understood  by 
the  general  reader,  and  prepare  him  for  tlie  perusal  of  the  succeeding 
Clutplers, 


There  are  perhaps  few  persons  possessed  of  much 
curiosity  in  early  life,  to  whom  the  fbllowinc:  question 
has  not  frequently  presented  itself —  /(//(//  h  Ihe 
world  made  of?  Now  this  question,  with  certain 
conditions,  comprises  the  most  important  ohjects  of 
geological  research  ;  namely,  JVhat  are  the  substances 
qf  which  Uie  Earth  is  composed!    What  is  tlw  order 
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m  rvhich  they  are  arranged  ?  What  are  the  changes 
they  appear  to  have  undergone?  —  But  how  are 
satisfactory  answers  to  these  inquiries  to  be  obtained  ? 

When  we  examine  the  terrestrial  globe,  where  the 
solid  parts  are  uncovered  and  exposed  to  our  view, 
we  observe  vast  masses  of  rock  or  stone  lying  in  ap- 
parent confusion  on  each  other ;  or,  should  we  per- 
ceive some  regularity  in  their  position  and  arrange- 
ment, we  soon  lose  sight  of  it  again  by  the  intervention 
of  other  rocks.  In  this  department  of  nature  all  seems 
vast,  unshapen,  and  chaotic ;  but  let  us  not  be  dis- 
couraged, for  we  may  recollect  that  the  grandest  ob- 
jects in  the  material  universe,  sekioiii  present  to  the 
hasty  view  of  the  superficial  observer,  immediate 
proofs  of  order  or  desii^n. 

The  shepherd  who  first  discovered  that  the  planets 
were  not  fixed  in  Uie  heavens,  and  noticed  their  ap- 
parently intricate  wanderings  among  the  stars,  could 
not  possibly  anticipate  the  regularity  and  harmonious 
simplicity  of  their  movements,  which  subsequent  ob- 
servations have  demonstrated. 

Let  us  then  endeavour  to  ascertain  hj  what  means 
we  may  become  acquainted  with  the  structure  of 
the  solid  covering  of  our  globe.  Were  these  means 
bounded  by  the  power  of  man  to  penetrate  below  the 
surface,  our  knowledge  must  ever  remain  very  limited 
and  imperfect ;  but  natural  operations  have  greatly 
facilitated  our  inquiries,  and  have  broken  the  rocky 
pavement  of  the  globe,  and  raised  up  or  laid  bare  the 
mineral  substances  of  which  it  is  composed.  By  aa 
attentive  examination  of  the  situations  where  the  rocks 
and  strata  are.thus  exposed  to  our  research,  we  lay 
the  foundation  of  the  science  denominated  Geology. 

Geology  is  derived  from  two  Greek  words,  ge  *•  the 
eartii,"  and  logos  **  reason  or  discourse,"  and  signifies 
the  Science  of  the  Earth.  \\'erner  and  his  disciples, 
and  also  some  of  the  French  geologists,  have  changed 
the  term  into  Geognosy  ;  hut  for  this  change  no 
sufficient  reason  can  be  assigned,  and  it  is  contraiy 
to  established  analogies  of  language. 
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Philosophers,  in  former  ages,  neglected  the  ex- 
amination of  the  earthy  and  contented  themselves 
with  vain  speculations  reflecting  its  ibnnation$ 
whereas  the  only  proper  answer  to  the  question. 
Hem  wa$  the  worU  made  ?  is  briefly  this —  **  By  the 
almighty  power  of  its  Creator.**  We  may  however 
be  permitted,  and  indeed  we  are  almost  irresistibly 
impelled,  to  inquire  into  the  nature  of  the  secondary 
causes,  tliat  have  been  operative  in  reducing  the  sur- 
face of  our  globe  to  its  present  state.  This  inquiry 
comprises  what  may  properly  be  denominated  Specu- 
lative Geology.  Nor  is  this,  as  some  assert,  entirely 
useless  :  the  advocates  of  particular  systems  have  en- 
gaged in  an  active  examination  of  nature  to  support 
Sieir  opinions,  and  have  compassed  sea  and  land  to 
gain  proselytes :  **  thus  numerous  iacts  have  been  dis* 
covered,  with  which  we  should  not  have  been  ac- 
quainted had  they  remained  idle  in  their  studies. 

Geology  is  sometimes  considered  as  a  branch  of 
Physical  Geography,  indeed  an  outline  of"  the  Physical 
Geography  of  a  country  or  continent  must  precede 
any  intelligible  account  of  its  geology.  Physical 
Geography  comprises  the  extent,  tbrni,  elevation,  and 
inequalities  of  the  surface  ^  the  direction  ot  the 
mcnuitain  ranges  and  rivers;  and  the  seas,  lakes, 
or  natural  boundaries  by  which  the  country  it  sur-  . 
rounded* 

The  geologist,  then,  directs  his  attention  to  the 
three  peculiar  objects  of  his  research.    These  have 

been  already  briefly  stated,  page  1. ;  but  it  may  be 
uselul  here  to  explain  them  more  fully. 

1st.  The  materials  of  which  the  solid  anist  of  the 
globe  is  composed,  —  To  discover  these,  we  must  ex- 
amine the  mineral  composition  and  character  of  the 
principal  rocks  and  strata,  and  observe  what  peculiar 
minerals,  metallic  ores,  or  organic  fossil  remains  they 
may  contain. 

dd.  ITie  arrangement  qf  rocks  and  strata.  — -We 
must  endeavour  to  ascertain  the  relative  position  and 
the  order  in  which  different  beds  succeed  or  cover 
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*  each  other,  and  carefully  notice  what  fractures  or 
dislocations  have  broken  or  displaced  the  beds,  sub- 
sequently to  their  deposition  ;  also  the  volcanic 
phenomena,  if  any  ;  and  the  scattered  fragments  of 
rock  and  beds  of  sand  or  gravel  that  are  found  upon 
the  surface* 

These  inquiries  relate  to  the  present  state  of  the 
globe,  frmn  which  alone  we  can  form  any  rational 

inductions  respecting  its  former  condition. 

Sd.  TJic  cJuniges  ixhich  the  surface  of  the  Earth 
has  undergone. — This  brancli  of  the  science  is  sup- 
plementary to  the  other  two  ;  but  by  some  it  is  re- 
garded as  forming  the  principal  object  of  geology.* 
Some  of  the  changes,  as  from  submersion  under 
the  ocean»  to  elevation  above  its  surface,  are  satis- 
iiKStorily  proved  ;  others  are  involved  in  more  or  less 
obscurity.  With  respect  to  the  causes  by  which 
these  changes  have  been  effected,  the  inquiry  falls 
properly  within  the  domain  of  Speculative  Geology ; 
and,  however  attractive  such  investigations  may  be, 
they  should  be  considered  ratlicr  as  forming  the 
poetry  of  geology,  than  the  science  itself ;  the  causes 
which  have  produced  these  changes  being  generally 
placed  beyond  the  reach  of  human  observation. 
When  a  mass  of  rock  is  upheaved  and  overthrown,  or 
a  city  suddenly  engulpbed,  we  ascribe  the  cause  of 
the  displacement  or  removal  to  an  earthquake ;  but 
the  earthquake  itself  is  Only  the  effect  of  a  cause 
which  remains  to  be  discovered. 

The  earth  is  now  well  known  to  be  one  of  those 
globular  bodies  called  planets,  that  revolve  round  the 
sun  in  orbits  nearly  circular,  and  in  stated  periods  of 
time,  which  bear  u  certain  ratio  to  their  respective  dis- 

•  The  definition  of  Geology  given  by  Mr.  Ljell,  appears  to  lim't 

the  science  to  the  investigation  of  past  chan*jes.  —  "  Geology  u  the 
science  which  invest iyates  tAe  successive  chfuuft  s  tJiat  hare  taken  pUi€C 
in  Out  organic  and  inorganic  kingdoms  oJ  nature ;  it  inquires  intotJii 
causes  of  these  changes^  and  tJie  influence  tiiey  tiave  exerted  in  modify' 

kig  ike  tmfim  amf  eiktm/d  9tmetm9  cf  onr^AMd^*'— Principlet  of 
Geology,  Chap.  I. 
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tances  from  it.  They  turn  round  their  axes  with  dif- 
ferent degrees  of  velocity ;  and  this  motion  appears 
to  have  had  considerable  influence  on  their  external  • 
shape,  by  enlarging  their  equatorial  diameters  :  they 
are  not  perf  ect  spheres,  but  are  more  or  less  iiatteued 
at  their  poles. 

In  the  planet  Jupiter,  the  velocity  of  the  equatorial 
parts  is  more  than  fbur  hundred  miles  per  minute; 
whilst  in  the  same  time  the  equatorial  parts  of  the 
Earth  have  moved  only  seventeen  miles,  A  difierence 
between  the  polar  and  equatorial  diameter  of  Jupiter 
is  perceptible  with  a  telescope  that  has  a  distinct  mag- 
nifying power  of  a  hundred  times,  and  it  is  ascertained 
to  be  as  12  to  IS.  The  equatorial  tliameter  of  the 
eartfi  exceeds  its  polar  about  twenty-seven  miles ;  the 
length  of  the  equatorial  diameter  being  79^7,  that  of 
the  polar  7900  miles. 

The  relative  density  of  the  sun,  the  earth,  and  of 
the  other  planets,  is  estimated  by  the  attractive  force 
which  they  exert  on  each  other,  as  they  move  round 
their  common  centre  of  gravity.  The  absolute  density 
or  the  quantity  of  matter  contained  in  the  earth,  com- 

Eared  with  an  equal  bulk  of  any  known  substance,  may 
e  nearly  determined  by  the  attractive  force  which 
any  given  mass  of  matter  exerts  upon  a  plummet 
(when  suspended  in  its  vicinity)  to  draw  it  from  a  ver- 
tical line.*  This  will  be  proportional  to  the  absolute 
quantity  of  matter  in  that  mass  compared  with  that 
of  the  earth.  By  this  method  it  has  been  found  that 
the  mean  density  of  the  earth  is  about  five  times 
greater  than  that  of  water,  or  nearly  twice  the 
average  density  of  the  rocks  and  stones  on  the 
surface ;  hence  it  has  been  inferred  that  the  interior 
part  of  the  earth  is  solid ;  or,  if  it  be  cavernous,  that 
the  sol  ill  matter  must  possess  great  density.  It  is  not 
improbable  that  iron,  nearly  in  a  metallic  state,  may 

*  A  ter  iei  of  experiments  are  now  in  progress  by  the  A  stronomer 
Royal,  Dr.  AirejT,  to  ascertab  with  greater  accuracy  the  densl^  of 
the  Earth. 
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be  one  of  the  constituent  parts  of  the  central  mass, 
and  to  this  it  may  owe  its  magnetic  polarity. 

Dr.  H alley  supposed  tliat  the  earth  is  a  hollow 
sphere,  containing  within  it  a  central  magnetic  giob^ 
'  and  that  the  revolutions  of  this  globe  on  its  axis 
occasioned  the  variations  of  tlie  magnetic  needle. 
Laplace,  the  cdebrated  French  astronomer,  asserts, 
that  the  nutation  of  the  earth's  axis,  and  experimenta 
on  Clie  vibration  of  the  pendulum,  indicate  an  increase 
of  density  of  the  mineral  beds,  as  they  approach 
nearer  to  its  centre,  at  least  to  a  certain  depth  from 
the  surface.  The  rapid  transition  of  motion  to  very- 
distant  parts  of  the  eartli  during  violent  earthquakes, 
renders  it  probable  that  there  are  cavities  filled  with 
fluid  or  gaseous  matter,  which  extend  to  different 
parts  of  the  globe,  at  great  deptiis  under  the  surface. 

An  opinion  has  long  been  entertained,  that  our 
planet  contains  vrithin  it  a  mass  of  igneous  matter, 
the  source  of  central  heat,  which  is  supposed  to  be 
an  important  agent  in  maintaining  the  present 
temperature  of  the  globe,  nor  are  facts  wanting  to 
lend  support  to  this  opinion.  The  occurrence  of 
numerous  active  volcanoes  in  both  hemispheres,  and 
in  every  degree  ot  latitude;  the  existence  of  extinct 
ancient  volcanoes,  and  of  rocks  of  igneous  origin  in 
almost  every  country;  and  the  numerous  hot  and 
warm  springs  that  preserve  an  unvarying  temperature 
for  centuries,  —  all  indicate  the  existence  of  a  source 
of  heat  deeply  seated  beneath  the  surface.  It  seems 
also  to  be  proved  by  observations  made  for  the 
purpose  in  deep  mines,  that  the  temperature  of  the 
earth  Increases  as  we  descend;  though  at  a  small 
distance  from  the  surface,  the  temperature  of  the 
ground  and  of  wells  is  the  same  in  every  season,  but 
it  varies  in  difierent  latitudes.  The  animals  and 
vegetables  whose  remains  in  a  fossil  state  are  found 
in  northern  climates  are  for  the  most  part  analogous 
in  structure  to  the  animals  and  vegetables  of  tropical 
climates ;  hence  it  has  been  inferred  by  some  geo- 
logistSi  that  the  central  mass  of  heat  is  graduidly 
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refrigei  ati ng.  It  is,  however,  the  crust  of  tlie  globe 
that  offers  proper  occupation  to  the  geologist.  The 
greatest  depth  to  which  he  can  extend  his  ob- 
servations from  the  uppermost  strata,  to  the  very 
lowest  beds  that  have  been  raised  up  or  laid  bare  by 
these  natural  operations  which  have  formed  mountains 
or  valleys,  is  less  than  eight  miles;  a  thickness  whicb^ 
compared  with  the  bulk  of  the  earth  itself*  does  not 
exceed  that  of  a  coat  of  varnish  upon  an  artificial 
terrestrial  globe.  Were  we  to  bear  this  sufficiently 
in  mind,  the  mighty  catastrophes  which  have  changed 
the  surface  of  the  globe  in  former  periods,  and  have 
left  traces  of  their  action,  appalling  to  the  imagiti- 
ation,  would  cease  to  exceed  the  sober  measure  of 
belief. 

The  superficies  of  our  planet  is  calculated  to 
contain  about  one  hundred  and  ninety  millions  of 
square  miles ;  but  could  we  be  raised  to  a  sufficient 
height  above  the  earth,  so  as  to  have  its  whole 
enbghtened  hemisphere  tor  our  horizon,  we  might 
perceive  as  it  revolved  under  our  feet»  how  small 
a  portion  is  fitted  for  the  habitation  of  man.  More 
than  three  fifths  of  the  earth's  surface  are  covered  by 
the  ocean ;  and  if  from  the  remaining  part  we 
deduct  the  space  occupied  by  polar  ice  and  eternal 
snow,  by  sandy  deserts,  steril  mountains,  marshes, 
rivers,  and  lakes,  the  habitable  portion  will  scarcely 
exceed  one  fifth  of  the  whole  of  the  globe*  Nor 
have  we  reason  to  believe  that  at  any  former  period 
die  dominion  of  man  over  the  earth  was  more 
extensive  than  at  present.  The  remaining  four  fifths 
of  our  globe,  though  untenanted  by  mankind,  are 
for  the  most  part  abundantly  stocked  with  animated 
beings,  that  exult  in  the  pleasure  of  existence, 
independent  of  human  control,  and  no  way  sub- 
servient to  the  necessities  or  caprices  of  man.  Such 
is  and  has  been  j'or  several  tiiousand  years  the  actual 
condition  of  our  planet ;  nor  is  the  consideration 
foreign  to  our  subject,  tor  hence  we  may  feel  less 
reluctance  in  admitting  the  prolonged  s^es  or  days 
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of  creation,  when  numerous  tribes  of*  the  lower  ordere 
of  aquatic  animals  lived  and  flourislied,  and  ieib 
their  remains  imbedded  in  the  strata  that  compose 
the  outer  crust  of  our  planet. 

The  ocean  has  been  an  important  agent  in  effect- 
ing vast  changes  on  the  surface  of  our  globe,  which 
will  be  afterwards  considered.  The  average  depth 
of  the  sea  has  been  differently  estimated.  According 
to  Laplace,  this  depth  cannot  be  less  than  ten  miles, 
to  account  for  the  height  of  the  tides  by  the  laws  of 
gravitation ;  but  it  is  more  generally  admitted  that 
the  average  depth  does  not  exceed  five  miles.  No 
admeasuremeiit  by  soundings  has  exceeded  the  depth 
of  one  mile  ami  a  quarter. 

Tlie  ocean  has  not  always  occupied  its  present 
bed,  for  rocks  entirely  composed  of  the  shells  or  re- 
mains of  marine  animals,  are  found  in  almost  every 
country  that  has  yet  been  explored  ;  and  these  re- 
mains occur  near  the  summits  of  the  highest  moun- 
tainsi  in  the  old  and  new  continents,  some  of  which 
rise  more  than  two  miles  above  the  present  level  of 
the  sea. 

It  is  well  known  that  tlie  water  of  the  sea  con- 
tains a  considerable  portion  of  common  salt,  and  a 
small  portion  of  other  saline  ingredients.*  The 
average  amount  of  salt  in  the  ocean  may  be  estimated 
at  per  cent,  of  common  salt,  and  ^  per  cent,  of 
other  saline  compounds. 

The  atmosphere  which  surrounds  the  earth  does 
not  come  under  the  attention  of  the  geologist,  except 
as  an  agent  in  wearing  down  the  solid  surface  by 

*  The  inquiry  has  often  been  made,  —  Whence  did  the  sea  derive 
its  saline  contents  ?  It  has  been  suppK)sed  by  some  writers  that  the 
salt  in  the  sea  has  been  gradually  autrmented  by  saline  particles 
brought  into  it  by  rivers;  but  this  cause  is  totally  inadequate  to 
cxpliuii  the  immense  quantity  of  salt  existing  in  the  whole  mass  of 
the  ocean.  If  the  average  depth  of  the  see  be  five  miles,  and  it 
contain  2^  per  cent,  of  salt, — were  the  water  entirely  evaporated^ 
the  saline  residue  would  form  a  stratum  of  salt  more  than  five 
hundred  feet  in  thickness,  covering  three  fiilhs  of  the  surfiiee  of 
the  globe.  ^. 
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the  precjintalion  of  raiiiy  and  by  change  of  temper- 
ature. The  inequalities  of  the  earth's  surface  formed 
by  mountains  and  valleys,  afford  frequent  oppor- 
tunities for  observing,  that  the  mineral  substances  of 
which  it  is  composed  are  of  difierent  kinds :  in  some 
situations,  we  observe  strata  of  chalk  ;  in  others,  of 
sandstone,  or  compact  limestone,  or  beds  of  slate, 
granite,  &c.  It  was  long  known  to  working  miners, 
that  the  different  beds  of  mineral  matter  lay  over 
each  other  in  a  r^rular  order  in  certain  districts,  and 
that  certain  beds  were  always  found  under,  and  never 
above,  other  particular  beds. 

The  first  observations  which  may  be  said  to  have 
laid  the  foundation  for  a  correct  classification  of 
rocks  were  made  by  the  German  Lehman,  about  the 
middle  of  the  last  century.  He  found  that  the 
lower  rocks,  in  some  of  the  miniug  districts,  were  dis- 
tinn^uished  from  the  upper  rocks  by  their  great  hard- 
ness, and  by  tiieir  structure,  which  was,  for  the  most 
part,  either  crystalline  or  slaty  ;  they  were  aUo  dis- 
tinguished by  the  absence  of  shells  and  other  organic 
remains,  and  by  the  absence  of  fragments  of  other 
rocks^  which  occur  so  frequently  in  the  upper  rocks 
or  strata.  He  further  observed,  that  many  of  the 
upper  strata,  besides  containing  organic  remains, 
appeared  to  have  been  formed  of  fragments  of  the 
lower  rocks,  broken  down  and  agglutinated  together  ; 
and  hence  he  inferred,  that  the  lower  rocks  were 
formed  prior  to  the  creation  of  animals,  and  he  gave 
them  the  name  of  Primitive  or  Frimanj,  and  dis- 
tinguished the  upper  by  the  name  of  Secondari/. 
This  grand  division,  though  too  hastily  formed,  was 
of  use  in  the  infancy  of  the  science,  and  induced 
naturalists  to  examine  more  attentively  the  nature 
and  position  of  the  rocks  in  different  countries  :  and, 
as  their  observations  became  more  extended  and  accu- 
rate,  a  more  extended  arrangement  and  classification 
was  found  necessary.  Many  of  thfe  earlier  geologisto 
maintained  that  each  bed  or  stratum  of  rock  is  spread 
universally  over  the  globe,  and  that  a  series  of  beds. 
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in  regular  succession,  environs  our  planet,  like  the 
coats  of  an  onion.  This  position  is,  Iiowever,  much 
too  general,  as  many  beds  of  rock  which  are  common 
in  one  coiintrv,  are  entirely  wanting  in  another:  but, 
taken  as  an  illustration  of  the  structure  of  the  crust  of 
our  globe  over  a  certain  extent,  the  8uccessi?e  coats 
of  an  onion,  if  they  were  of  diflferent  colours,  might 
not  unaptljr  represent  the  different  strata  that  cover 
certain  districts. 

It  may  here  also  be  proper  to  observe,  that  the 
different  strata  which  occur  under  each  other,  are  not 
arranged  in  the  order  of  their  density  or  specific  gra- 
vity. Coal  strata,  for  instance,  are  often  covered 
with  strata  of  iron-stone,  the  specific  gravity  of  wiiich 
is  more  than  twice  that  of  coal. 

I  shall  now  proceed  to  enumerate  the  different 
classes  of  rocks  generally  admitted  by  geologists*  and 
briefly  describe  the  principal  characters  of  each 
class ;  and,  in  order  to  direct  the  attention  of  the 
reader  more  forcibly  to  the  subject,  I  shall  trace  oa 
an  outline  map  the  principal  situations  in  our  own 
island,  where  rocks  of  each  class  occur,  except  the 
recent  volcanic. 

All  the  different  rocks  and  strata  that  cover  the 
earth's  surface  may  be  arranged  under  the  following 
classes :  — 

1.  Primary, 

^.  Intermediate,  or  Transition. 

3.  Secondary.* 

4.  Tertiary. 

5.  Basaltic  and  Volcanic. 

6.  Diluvial  and  Alluvial  Groimd. 

This  arrangement  is  substantially  followed  by  most 

geologists  of  the  present  day,  though  with  some 
modification  of  the  names.  Several  of  the  French 
geologists  class  the  lower  secondary,  including  the 
coal  strata,  with  the  intermediate  or  transition  rocks: 

*  By  some  geologists  these  secondary  strata  are  called  "  the 
older"  and  the  younger  •ertes/'  terras  which  are  equally  dear 
and  intelligible. 
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some  urgent  reasons  may  be  advanced  for  this,  which 
we  shall  subsequently  notice.  Objections  have  been 
made  to  the  terms  primary,  seconaary>  &c.,  that  they 
do  not  strictly  conform  to  the  present  state  of  geo- 
logy ;  but  a  change  of  names,  which  are  in  general 
Qse  and  well  understood,  would  be  attended  with  no 
adequate  advantage,  and  would  be  ill  suited  to  pro- 
mote the  knowledge  of  the  science  in  an  introduc- 
tory work.  It  is  greatly  to  be  regretted,  that  a 
morbid  desire  to  obtain  celebrity  by  inventing  new 
nomenclatures,  should  so  much  prevail  among  some 
of  the  cultivators  of  natural  science.  The  author 
is  of  opinion,  that  a  more  simple  arrangement  of 
rocks  might  be  made  without  any  material  change 
of  the  present  names,  and  he  is  persuaded  that  such 
an  arrangement  will  take  place  in  a  more  advanced 
state  of  die  science.   (See  Chap.  V.) 

Primary  or  Primkkfe  Rocks  —  were  so  called  be- 
cause no  fossil  remains  of  animals  or  vegetables, 
nor  any  fragments  of  other  rocks,  were  found  im- 
bedded in  them  :  hence  it  was  supposed  that  they 
were  formed  prior  to  the  creation  of  organic  beings. 
The  rocks  of  this  class  are  for  the  most  part  ex- 
tremely hardy  and  the  minerals  of  which  they  are 
composed  are  frequently  more  or  less  perfectly 
crystallised.  These  rocKs  generally  occur  in  im- 
mense masses  or  beds ;  they  form  the  lowest  part  of 
the  earth's  surface  with  which  we  are  acquainted, 
and  they  not  only  constitute  the  foundation  on  which 
rocks  of  the  other  classes  are  laid,  but  in  many  si- 
tuations they  pierce  through  the  incuuibent  rocks 
and  strata,  and  form  also  the  highest  mountains  in 
alpine  districts.  We  are  not  to  conclude,  when  we 
see  a  mountain  or  range  of  mountains  bounded  by 
a  plain,  that  the  mineral  beds  and  strata  of  which 
these  mountains  are  formed  terminate  at  their  ap- 
parent bases;  on  the  contrary,  they  dip  under  the 
surface  at  angles  more  or  less  inclined,  stretching 
below  the  lower  grounds  and  hills,  and  ofVen  rising 
again  in  remote  districts. 
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That  primary  rocks  environ  the  whole  globe  will 
not  admit  of  direct  pi  oof ;  but,  from  their  frequent 
occurrence  in  mountainous  districts  in  the  most 
distant  parts  ot  the  world  that  have  been  examined, 
we  may  infer  that  some  of  the  rocks  of  this  class 
constitute  the  foundation  rock  of  ^very  country. 
We  have  no  means  of  ascertaining  that  the  similar 
rocks  of  distant  districts  were  formed  at  the  same 
time^  nor  can  we  be  certain  that  the  rocks  called 
Primary,  have  not  once  contained  organic  remains^ 
that  were  destroyed  during  tlie  process  by  which 
they  acquired  their  present  crystalline  structure.  We 
may,  however,  with  apparent  probability,  infer  that 
their  formation  was  j)rior  to  the  existence  of  animals 
or  vegetables  on  our  planet  in  its  present  state,  be- 
cause the  rocks  which  immediately  cover  them  con- 
tain almost  exclusively  the  organic  remains  of  the 
lowest  class  of  animals,  which  are  considered  as  form- 
ing the  first  link  in  the  chain  of  animated  beings. 
On  this  account  these  rocks  have  been  called  by  tike 
German  geologists  transition  rocks»  from  the  suppo- 
sition that  they  were  formed  when  the  world  was 
passing  from  an  uninhabitable  to  a  habitable  state. 

Transitio?i  or  intermediate  rocks  are  generally  less 
crystalline  than  the  primary  ;  they  contain  occasion- 
ally organic  remains  of  the  lower  classes  of  animals, 
and  also  fragments  of  rocks  of  the  primary  class. 
The  lower  series  of  these  rocks  are  frequently  inter- 
posed between  rocks  of  the  primary  class,  and  those 
generally  caliec!  secondary,  and  otlen  partake  of  the 
character  belonging  to  both.  The  prevailing  rocks 
in  the  transition  series  are  limestone,  slate,  called 
clayslate,  and  coarse  slate,  passing  sometimes  into 
sandstone,  and  conglomerate;  this  has  been  called 
by  the  Germans  grau  wacce',  or  grey  wacke.  The 
rocks  of  the  primary  class  and  the  lower  transition 
rocks  are  the  principal  repositories  of  metallic  ores; 
but  in  Europe  they  contain  few  saline  or  inflammable 
minerals.  *    In  South  Americai  according  to  Hum* 

*  Except  we  comprise  the  regular  coal  ftrmatioii  in  the  Iraiiti- 
tion  series. 
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boldt,  sulphur  and  bitumen  exist  in  considerable 
quaiitities  in  rocks  denominated  primary. 

The  regular  coal  strata,  sometimes  called  the  great 
coal  formation,  and  by  Werner  *'tlie  independent  coal 
formation,"  occurs  in  certain  districts  of  limited  ex- 
teot,  covering  the  transition  rocks»  of  which  it  may 
be  stated  to  constitute  the  upper  series,  as  no  well 
characterised  line  of  separation  can  be  traced  between 
them.  They  constitute  a  group  of  strata  composed 
of  sandston^  soft  slaty  beds  called  shale,  and  beds 
of  coal  and  ironstone.  Many  of  these  strata  abound 
in  fossil  remains  of  plants  analogous  to  ferns,  palms, 
and  reeds,  and  to  the  present  vegetation  of  tropical 
climates. 

The  lower  series  of  the  transition  beds,  below  the 
regular  coal  strata,  contain  almost  exclusively  the 
remains  of  marine  animals.  This  diiierence  in  the 
organic  remains,  indicates  an  important  change  in 
the  conditions  under  which  the  lower  series  of  tran* 
sition  rocks  and  the  coal  strata  were  deposited. 
The  lower  series  were  for  the  most  part  formed 
under  the  sea. 

Secondary  strata. — The  prevailing  beds  in  this 
series  are  stratified  limestone,  with  beds  of  clay, 
shale,  and  sandstone  interposed.  The  limestone  has 
generally  an  earthy  texture,  and  very  rarely  partakes 
of  the  hard  and  crystalline  character  of  the  lower 
limestones.  The  fossil  remains  in  the  upper  second- 
ary strata  are,  with  some  exceptions^  those  of  marine 
animals,  but  of  different  genera  or  species  from  those 
in  the  strata  below  them.  It  is  in  the  upper  second- 
ary strata  that  we  first  meet  with  remains  of  saurian 
or  ]izardpshq>ed  animals,  some  of  which  were  of  im- 
mense  size.  The  co-existence  of*  dry  land,  at  the 
period  when  most  of  the  secondary  strata  were  depo- 
sited, is,  however,  proved,  by  the  occasional  occur- 
rence of  terrestrial  fossil  plants,  aiul  the  bones  of 
fresh- water  and  amphibious  reptiles,  such  as  the  cro- 
codile and  tortoise. 

An  imporUnt  inference  respecUng  the  secondary 
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strata  deserves  here  to  be  noticed ;  they  appear  to 
have  been  deposited  lon^  after  the  lower  and  upper 

series  ot  transition  beds  had  been  deposited  and  soli- 
dified, and  alter  a  series  of  convulsions  had  crreatly 
fractured  and  displaced  the  beds  already  formed  ;  for 
the  secondary  strata  do  not  lie  parallel  with  the 
lower  tiansition  beds,  and  coal  strata,  but  generally 
cover  them  in  what  geologists  call  an  uncoiSbmiabJie 
position. 

To  make  this  better  understood,  suppose  a  number 
of  books  to  be  laid  regularly  upon  each  other,  and 
the  lowest  volume  to  be  tilted  up  so  as  to  give  an  in- 
clined position  to  the  whole,  ir  we  then  take  other 

books  aiul  place  them  horizontally,  or  nearly  so,  on 
the  upper  edges  of  the  inclined  volumes,  we  may 
then  form  a  distinct  idea  of  the  unconformable  posi- 
tion of  the  series  of  secondary  strata  over  the 
lower  series.  This  position  is  represented  Plate  1. 
^  fig.  3. ;  it  will  be  more  fully  described  in  the  4th 
'  chapter*  *  The  last  of  the  upper  secondary  strata  is 
chalk,  a  rock  well  known  in  the  south  and  south-east 
parts  of  England,  though  entirely  wanting  in  the 
north-west  and  in  Scotland. 

Tertiary  Strata  comprise  all  the  regular  beds  that 
have  been  deposited  subsequently  to  the  chalk  strata, 
on  which  tliey  frequently  repose.  It  was  formerly 
supposed  that  tertiary  strata  were  verv  limited  in 
extent,  and  were  confined  to  a  few  districts  in 
Europe ;  recent  observations,  however,  prove  that 
strata  of  jthis  class  cover  considerable  portions  of  the 
surface  in  various  countries,  though  there  are  other 
'countries  in  which  they  are  entirely  wanting.  Ter- 
tiary strata  are  the  most  recent  or  uppermost  of  dl 
the  regular  rock  formations.  They  consist  chiefly  of 
clay,  marl,  limestone,  and  friable  sandstone :  the 
lower  series  of  these  strata  contain  numerous  marine 

*  There  are  Mine  sitiiatioDB  in  which  the  lower  strata  have  not 
been  subjected  to  any  great  dislocations  prior  to  Uie  deposition  of 
the  upper  strata  upon  them,  for  the  latter  occur  in  a  position  parallel 
with  that  of  the  lower  strata. 
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riiells,  while  some  of  the  middle  and  upper  strata 
contain  shells  resembling  those  found  in  our  })resent 
rivers,  or  in  fresh  water  lakes.  The  most  remark- 
able fact  respecting  the  tertiary  strata  is,  that  some 
of  them  contain  numerous  bones  of  large  terrestrial 
quadrupeds  of  the  class  Mammalia  ^  but  these  tor  the 
most  part  beioog  to  genera  or  species  which  no 
longer  exist  upon  the  earth. 

Volcanic  and  BasaUic  Rocks  have  been  either 
gected  from  volcanoes,  or  poured  out  in  a  state  of 
fosion  from  rents  and  openings  on  the  earth's  surface. 
They  cover  in  an  irregular  manner  the  rocks  of  the 
preceding  classes.  In  some  situations  the  melted 
mineral  matter  has  taken  a  columnar  form  in  cool, 
ing  ;  in  other  situations  it  fills  vast  fissures,  called  by 
miners  dykes.  Basaltic  rocks  are  very  common  in 
the  northern  part  of  our  island.  Volcanic  and  ba- 
saltic rocks  are  of  difierent  ages:  the  most  ancient, 
approach  in  their  nature  to  rocks  of  the  pnmary 
claM»  and  appear  to  be  chiefly  formed  of  the  same 
mineral  substances,  more  or  less  softened  by  subter- 
raneous  heat,  and  protruded  through  the  crust  of  the 
globe. 

Diluvial  arid  Alluvial,  —  Considerable  portions  of 
the  surface  of  the  ground  are  in  many  countries 
covered  with  tliick  beds  of  gravel,  sand,  or  clay,  and 
fragments  of  rock  and  loose  stones,  more  or  less 
rounded  by  attrition.  In  some  situations  these  have 
evidently  been  tran^orted  from  a  vast  distance,  for 
frequently  no  rock  similar  to  the  fragments,  occurs 
within  a  hundred  miles  or  more  of  the  place  where 
they  are  deposited.  They  indicate  the  action  of 
torrents  and  inundations,  which  have  swept  over  the 
face  of  our  present  continents.  The  French  have 
given  to  these  depositions  tiie  name  of  terreins  de 
transporty  a  name  which  defines  them  precisely,  and 
involves  no  theory  ;  for  it  comprises  both  deposits 
formed  suddenly  by  miglity  irruptions  of  the  ocean, 
and  alluvial  deposits  formed  by  the  gradual  deposi- 
tion of  sediment  at  the  mouths  of  rivers  or  in  lakes. 
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The  classes  of  rocks  above  enumerated  have  their 
appropriate  mineral  productions,  and,  with  the  ex- 
ception of  rocks  of  the  first  and  fifth  classes,  their 
appropriate  organic  remains  ;  and  it  would  be  as 
useless  to  search  for  regular  beds  of  common  coal  in 
the  primary  rocks,  as  it  would  be  to  search  for  me- 
tallic veins,  or  statuary  marble,  in  the  tertiary  strata. 

It  has  been  before  stated,  that  we  cannot  be  abso- 
lutely certain  that  rocks  of  the  same  class  and  of  a 
similar  kind  in  distant  countries  were  formed  at  the 
same  time.  This  is  more  especially  the  case  with 
rocks  that  contain  no  organic  remains,  such  as 
granite,  porphyry,  and  volcanic  recks,  as  it  is  only 
from  their  relative  position  that  we  can  obtain  evi- 
dence respecting  their  geological  antiquity.  Those 
rocks  which  generally  serve  as  the  foundation  for  the 
other  classes  are  inferred  to  be  the  most  ancient. 
Strata  in  tlie  same  class,  that  contain  similar  species 
of  organic  remains,  are  admitted  to  belong  to  the 
same  geological  epoch,  and  to  have  been  deposited 
under  the  same  condition  of  the  globe ;  yet  admitting 
that  certain  distant  strata  were  of  coeval  formation, 
it  may  be  proved,  that  portions  of  the  same  series  of 
strata  have  emerged  from  the  ocean  at  different  in- 
tervals of  time,  and  that  certain  parts  of  the  present 
continents  have  become  dry  land  at  very  distant  and 
remote  epochs.  The  period  when  rocks  or  strata 
were  first  deposited  has  no  necessary  connection  with 
the  period  of  their  elevation,  as  will  be  afterwards 
more  fully  stated. 

I  shall  proceed  to  elucidate  the  situation  of  the 
different  classes  of  rocks  in  England,  by  a  reference 
to  the  outline  map,  Plate  6« 

The  waving  line  a  a  a,  extending  from  the  south- 
west of  Dorsetshire  to  the  county  of  Durham,  forms 
a  striking  geological  division  of  England:  all  the 
land  on  the  east  of  this  line  is  composed  of  the  up- 
per secondary  and  tertiary  strata,  in  which  neither 
metallic  veins  nor  regular  beds  of  mineral  coal  are 
found.    The  tertiary  strata  lie  over  the  upper  se- 


» 
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condary,  within  the  parts  bounded  by  the  letters 
0  00  0.  On  part  of  the  eastern  coast  of  Yorkshire 
and  Lincolnshire,  there  is  a  submarine  forest  about 
seventeen  feet  under  the  present  high  water  level. 
This  forest  appears  to  have  extended  eastward,  as 
stomps  of  trees  and  roots  may  be  seen  at  low  water 
at  a  considerable  distance  from  the  coast. 

In  various  parts  west  of  the  line  a  a  a  there  is  an 
important  change  in  the  mineral  productions  ;  from 
thence  to  the  line  c  c  c  the  coal  strata  appear,  and 
most  of  the  principal  coal  districts  in  England  occur 
between  the  lines  a  a  a  and  c  c  c.  It  is  remarkable, 
that  few,  if  any,  regular  metallic  veins  are  found  in 
this  division.  The  coal  strata  and  the  lower  second- 
ary strata  are  also  continued  west  of  the  line  ccc, 
tmough  the  midland  and  northern  counties,  but  rocks 
of  the  lower  transition  series,  occasionally  appear  in 
this  part  of  our  island.  A  very  extensive  coal  dis- 
trict occurs  in  that  part  of  South  Wales  bordering  the 
Bristol  Channel.  On  the  east  of  the  line  c  c  c  it  may 
be  remarked,  that  the  strata  generally  incline  or  dip 
to  the  south-east ;  west  of  this  line  tliey  are  more  ir- 
regular, and  dip  in  various  directions. 

West  of  the  part  composed  of  the  lower  secondary 
and  coal  strata,  coloured  green,  we  meet  with  rocks 
of  the  primary  and  transition  classes,  in  which  me- 
tallic ores  are  found ;  they  constitute  the  alpine  parts 
of  England,  passing  through  Cornwall  and  Devon- 
shire,  into  North  Wales,  and  the  north-west  parts  of 
Yorkshire  and  Lancashire,  and  through  Westmore- 
land and  Cumberland  into  Scotland.  This  part  is 
coloured  red  ;  rocks  of  the  primary  class  chietiy  oc- 
cur in  the  parts  distinguished  by  dark  lines. 

Near  the  centre  of  England,  at  Charnwood  Forest 
in  Leicestershire,  and  at  the  Malvern  Hills  in  Wor- 
cestershire and  Herefordshire,  the  primary  rocks 
pierce  through  the  secondary  strata,  and  compose 
two  small  districts  of  primitive  country  surrounded 
by  secondary  strata.  Also  in  the  counties  of  Derby.  * 
shire  and  in  the  West  Hiding  of  Yorkshire,  and  part 
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of  Cumberland  and  Westmoreland,  rocks  of  transi- 
tion or  mountain  limestone  rise  to  a  considerable 
elevation  from  beneath  the  coal  strata,  which  occur 
east  and  west  of  them;  some  of  these  limestone 
mountains  are  rich  in  metallic  ores.  Along  the  line 
E  E  beds  of  rock-salt  and  the  principal  springs  of  brine 
are  situated. 

It  must  be  kept  in  mind  when  observing  this  map, 
that  the  tertiary  strata  lie  upon  the  secondary,  and 
the  secondary  upon  the  transition  and  primary  rocks. 
Now,  if  the  tertiary  and  secondary  strata  had  both 
extended  to  the  western  counties,  it  is  obvious  that 
we  could  have  had  no  knowledge  of  the  existence  of 
the  lower  series^  but  by  boring  or  sinking  through  the 
upper  series ;  and  the  aggregate  thickness  of  these 
exceeds  the  power  of  the  miner  to  pierce  through. 
The  tertiary  strata,  however,  only  coVer  a  part  of  the 
secmdary,  and  the  secondary  do  not  cover  the  whole 
of  the  lower  series  ;  so  that  in  travelling  westward, 
we  come  immediately  upon  the  lower  strata  in  suc- 
cession, as  they  rise  from  underneath  each  other ; 
for,  as  I  before  observed,  the  general  inclination  or 
dip  of  the  beds  is  towards  the  south-east.  The 
action  of  the  sea  upon  our  coasts  and  cliffs,  has  ex- 
posed to  view  the  succession  of  tlie  different  rocks 
and  strata  in  many  parts  of  our  island,  and  has  en- 
abled us  to  obtain  a  correct  knowledge  of  their 
thickness  and  direction,  and  of  the  organic  remains 
peculiar  to  each  series. 

Before  concluding  the  present  chapter,  let  us  take 
a  view  of  some  of  the  more  striking  appearances, 
which  afford  demonstrative  evidence,  that  great 
changes  have  taken  place  in  the  relative  level  of  the 
present  continents,  and  that  the  ocean  has,  in  former 
ages,  rolled  its  waves  over  wliat  are  now  the  most 
elevated  parts  of  the  earth.  Many  proofs  of  this 
exist  in  our  own  island,  and  in  various  parts  of  the 
^  world. 

The  calcareous  or  limestone  mountains  in  Derby* 
shire,  and  Craven  in  Yorkshire,  rise  to  the  height  of 
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about  two  thousand  feet  above  the  present  level  of 
the  sea.  They  contain  through  their  whole  extent, 
fossil  remains  of  zoophytes  and  marine  animals,  but 
more  abundantly  in  some  parts  than  in  others.  Par- 
ticular  species  occupy  almost  exclusively  distinct 
beds,  and  in  some  situations  the  whole  mass  appears 
a  compact  congeries  of  mineralised  organic  remains. 
Over  these  vast  beds  of  ancient  limestone  occur  a 
series  of  sandstone  strata  and  shale,  containing  ahnust 
exclusively  remains  of  terrestrial  ve£;etables  asso- 
ciated with  beds  of  coal.  Above  this  series  we  meet 
with  other  calcareous  strata,  containing  remains  of 
fish  and  enormous  reptiles  ol  the  saurian  or  lizard 
tribe,  intermixed  with  numerous  species  of  bivalve 
and  univalve  shells,  but  of  different  genera  or  species 
from  those  living  in  the  present  seas.  Again,  in  the 
opperrooat  or  tertiary  strata,  we  meet  with  bones  and 
toetb  of  land  quadrupeds  of  the  class  Mammalia, 
tome  of  which  belong  to  unknown  genera,  and  nearly 
all  to  unknown  species.  Among  these  are  the  bones 
of  large  animals,  as  the  mastodon,  the  ele|)liant,  the 
rhinoceros,  the  hippopotanuis,  and  tlic  gigantic  tapir. 
TIiL'sc  \iiva'e  animal  remains  occur  ciiieHv  in  beds  of 
clay  or  gravel,  or  in  caves.  In  the  latter  situation 
tbey  are  abundantly  mixed  with  bones  of  smaller 
quadrupeds,  of  which  tlie  species  no  longer  exist  in 
England. 

The  calcareous  mountains  of  the  Jura,  and  the 
(mter  range  of  the  Alps,  contain  beds  filled  with  the 
remams  of  marine  animals,  many  of  which  I  have 

examined,  and  I'onnd  to  be  similar  to  those  in  the  se- 
condary strata  in  England.  In  the  Alps  they  occur 
at  the  height  of  from  six  to  eight  thousand  feet.  Si- 
•  niilar  phenomena  are  observed  in  the  calcareous 
mountains  of  the  Pyrenees  ;  and,  according  to  Hum- 
boldt, organic  remains  occur  in  the  Andes,  at  the 
height  of  fourteen  thousand  feet.  The  distinct  cha- 
racters of  the  animals  found  in  the  upper  and  lower 
beds  in  these  mountains,  as  well  as  in  those  of  our 
own  country,  prove  that  they  were  not  brought  into 
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their  present  situation  by  any  sudden  inuiuiatioiis, 
whicli  would  have  mixed  different  orders  ot  animals 
together.  The  beds  which  contain  exclusively  the 
remains  of  animals  of  the  same  species,  must  have 
remained  for  ages  under  the  ocean  j  for  these  animal 
remains  ofiten  compose  nearly  the  whole  substance 
of  a  bed  of  limestone  of  great  thickness,  as  is  the 
case  with  the  beds  of  encrinal  limestone  in  Derby- 
8hire»  and  the  limestone  called  coral-ragg  at  Steeple 
Ashton. 

The  fossil  remains  of  species  of  animals  not  now  in 

existence,  entombed  and  preserved  in  solid  rocks, 
present  ns  with  durable  monuments  of  the  great  re- 
volutions which  our  planet  has  undergone  in  former 
ages.  We  are  carried  back  to  a  ])eriod  when  the 
waters  of  the  ocean  have  covered  the  summits  of  our 
highest  mountains,  and  are  irresistibly  compelled  to 
admit  one  of  two  conclusions,  —  either  that  the  sea 
has  retired  and.  sunk  fiir  below  its  former  level,  or 
that  some  power  operating  from  beneath,  has  lifted 
up  the  islands  and  continents,  with  their  hills  and 
mountains,  firom  the  watery  abyss,  to  their  present 
elevation  above  its  surface. 

These  organic  remains  present  also  undeniable 
proofs  of  another  fact  equally  interesting.  Every  re- 
gular stratum  in  which  they  are  disseminated  was 
once  the  uppermost  rock,  liowever  deep  it  may  be 
below  the  present  surface,  or  with  whatever  rocks  it 
may  now  be  covered.  This  inference  is  not  the  less 
conclusive,  whether  we  suppose  that  the  animals  lived 
and  died  where  their  remains  occur,  or  whether  they 
were  aggregated  and  carried  by  marine  currents  into 
their  present  situation.  Hence  we  learn  that  the 
secondary  strata  were  formed  in  succession  over  eadi 
other,  and  thus  these  fossil  remains  preserve  the  re- 
cords of  the  ancient  condition  of  our  planet,  and  the 
natural  history  of  its  earliest  inhabitants,  The  un- 
known causes  by  which  zoophytes  and  different  genera 
and  species  of  testaceous  animals,  of  reptiles,  vege- 
tables, and  mammiierous  quadrupeds  were  buried  in 
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different  strata,  have  operated  in  succession  at  distant  ' 
intervals  of  time  ;  for  we  do  not  find  the  remains  of 
diflerent  classes  confusedly  intermixed  together,  ex- 
cept in  beds  of  clay  or  gravel,  near  the  surface,  or 
in  fragments  of  various  roclu  which  have  been 
broken  down  and  subsequently  united.  Bones  of 
Yertebrated  animals,  or  such  as  had  a  brain  and  spi- 
nal niarrow,  have  never  been  found  in  the  lower^ 
strata,  except  those  of  a  few  species  of  fish ;  nor  have 
the  bones  of  large  mammiferous  quadrupeds  ever 
been  discovered  below  the  chalk.  Hence  we  acquire 
a  perfect  certainty,  that  the  different  beds  which 
form  the  crust  of  our  planet  were  deposited  in  distant 
epochs,  and  under  different  conditions  of  the  globe. 
The  animal  remains  in  some  of  the  strata  are  so  de- 
licate, and  so  regularly  deposited,  that  we  can  have 
but  little  doubt  that  the  animals  lived  and  died  tran- 
quilly where  their  remains  are  now  found :  in  other 
strata  the  remains  are  dispersed  and  broken,  and 
the  animals  appear  to  have  perished  by  some  sudden 
convulsion. 

If  the  bones  of  man,  or  of  large  mammiferous  quad- 
rupeds resembling  existing  species,  have  casually  been 
found  with  fossil  remains  peculiar  to  the  lower  or 
more  ancient  strata,  I  believe  a  caref  ul  examination 
of  all  tbe  circumstances,  would  generally  explain  the 
apparent  anomaly.  I  shall  state  a  remarkable  fact 
of  this  kind,  wnich  came  to  m^  knowledge  when 
engaged  in  a  mineralogical  examination  for  the  Earl 
of  Moira,  in  the  vicinity  of  Ashby-de^la-Zouch,  in 
Leicestershfre :  it  will  evince  how  cautious  we  ought 
to  be  in  drawing  general  conclusions  in  geology,  from 
single  facts.  A  thick  bed  of  coal  belonging  to  his 
lordship,  at  a  place  called  Ashby  Wolds,  is  worked 
at  the  depth  of  two  hundred  and  twenty-five  yards ;  it 
is  covered  with  various  strata  of  iron-stone,  coal,  and 
solid  sandstone.  On  an  estate  adjoining  to  his  lord- 
ship's manor,  in  the  same  bed  of  coal  T which  is 
ninety-seven  yards  below  the  surface),  the  entire 
skeleton  of  a  man  was  found  imbedded.  No  appear- 
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ancc  existed  of  any  former  sinking  for  coal ;  but  the 
proprietor  ordered  passages  to  be  cut  in  different 
directions,  until  the  indication  of  a  former  j)it  was 
discovered,  though  the  coal  had  not  been  worked. 
Into  this  pit  the  body  must  have  lallen,  and  been 
pressed  and  consolidated  in  the  loose  coal  by  an  in- 
cumbent column  of  water,  previously  to  the  falling  ia 
of  the  sides  of  the  pit. 

The  imperfect  skeleton  of  a  woman,  imbedded  in 
a  kind  of  calcareous  sandstone*  brought  from  Guada* 
loupe,  and  exhibited  in  the  British  Museum,  may 
'  ap})ear  to  invalidate  what  was  asserted  in  the  first 
edition  of  this  work,  that  no  instances  have  been 
known  of  human  bones  being  found  in  reguhu'  stra- 
tified rocks,  nor  even  in  undisturbed  alluvial  ground, 
where  the  remains  of  extinct  species  of  quadrupeds 
are  not  unfrequently  met  with.*  Due  attention  to 
all  the  circumstances,  will  reconcile  that  assertion 
with  the  present  fact.  The  skeleton  from  Guada- 
loupe  is  described  as  having  been  found  on  the  shore 
below  the  high-water  mark,  among  calcareous  rocks 
formed  of  madrepores,  and  not  far  from  the  volcano 
called  the  Soufiriere.  The  bones  are  not  })etrified, 
but  })reserve  the  usual  constituents  of  fi^esh  bone, 
ami  were  rather  soft  when  first  exposed  to  the  air. 
Specimens  of  the  sLoue  which  I  have  in  my  possession, 

•  Since  tlie  publication  of  the  first  and  second  editions  of  this 
work,  I  have  st-en  in  tlic  possession  of  a  gontleman  at  Plymouth, 
one  of  two  human  skulls  that  were  found  in  digging  a  stream-work, 
forty  or  fifty  feet  below  the  level  of  the  river  at  Carnon  in  Corn- 
wall. Nuts,  and  the  horns  of  some  animal  allied  to  the  stag,  were 
discovered  in  the  lame  situatioa. — In  a  note  I  made  at  the  tioie» 
1816,  it  is  stated  that  the  forehead  was  remarkably  low  and  narrow^ 
and  the  part  of  the  skull  which  contained  the  cerebellum  unusually 
prominent.  That  these  skulls  were  ancient  there  can  be  little 
doubt,  but  there  are  no  sufficient  data  to  enable  us  to  approximate 
to  the  period  of  their  deposition. 

The  bone  was  not  uuncralised,  though  very  hard.  The  absence 
or  extreme  rarity  of  human  bones  h&  these  beds  of  eravel  and  da;^, 
or  in  caves  that  contain  the  remains  of  large  land  quadnipeds,  is 
far  more  extraordinary  than  their  non-occurrence  in  the  regolnr 
strata  that  cover  our  present  continents. 
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that  were  chipped  from  the  same  block,  present, 
when  examined  with  a  lens,  the  appearance  of  smooth 
grains,  consisting  of*  ronnded  fragments  of  shells 
and  coraly  aggregated  and  united  without  any  visible 
cement. 

We  have  an  example  of  a  similar  formation  of  cal- 
careous  sandstone  on  the  north  coast  of  Cornwall, 
composed  entirely  of  minute  fragments  of  shells.  In 
the  Arundel  papers,  there  is  mention  of  an  inun- 
dation of  sand,  which  covered  a  great  part  of  the 
coast  near  St,  Ivcs  in  the  twelfth  century:  it  is  also 
known  bv  oral  tradition,  that  whole  larms  have  been 
overwhelmed  at  a  period  not  very  remote ;  and  at 
this  very  day,  npon  the  shifting  of  the  sands  by  high 
winds,  the  tops  of  houses  may  occasionally  be  seen* 
In  several  parts  of  the  coast,  this  sand  is  seen  pass* 
ing  into  the  state  of  compact  rock,  very  difficult  to 
break ;  and  it  is  even  used  for  building>stone«  Entire 
sheila  of  land  snails  and  fragments  of  slate  occasion- 
ally occur  in  it*  When  I  was  in  the  county  I  ex- 
amined  numerous  specimens  of  the  rock  with  a  lens, 
and  compared  them  with  a  specimen  of  the  Guada- 
loupe  sandstone  that  I  had  with  me,  and  they  ap- 
peared closely  to  resemble  each  other.  Dr.  Paris, 
in  an  interesting  paper  read  to  the  Geological 
Society  of  Cornwall,  ascribes  the  consolidation  of 
the  sandstone  to  the  intiltration  of  water  contain- 
ing  iron,  from  the  decomposing  slate-rocks  in  the 
vicinity.  Instances  of  the  consolidation  of  beds  of 
loose  sand  are  common  on  the  coast  of  Sicily.  It 
cannot  therefore  excite  surprise,  that  in  a  volcanic 
island  like  Guadaloupe,  subject  to  violent  convulsions 
Ironi  earthquakes,  inundations,  and  impetuous  hur- 
ricanes, human  bodies  should  occasionally  be  dis- 
covered, that  have  been  enveloped  in  driving  sands, 
which  Iiave  subsequently  become  indurated.  The 
situation  of  this  skeleton  near  the  sea-shor^  the  state 
ol'the  bones,  and  the  nature  of  the  stone  in  which 


*  See  Guide  to  Mount's  Bay  and  the  Land's  End* 
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they  are  imbedded,  take  away  the  probability  of  their 
high  antiquity. 

In  tlie  Institutes  of  Menu,  vvhicli  according  to  Sir 
William  Jones  are  nearly  as  ancient  as  the  writings 
of  MoseSy  the  account  of  tlie  six  days  of  creation  so 
closely  resembles  that  given  in  Genesis*,  that  it  is 
scarcely  possible  to  doubt  its  being  derived  from  the 
same  patriarchal  communication.  There  is»  how* 
ever,  a  particular  definition  given  of  the  word  day 
as  applied  to  the  creation,  and  it  is  expressly  stated 
to  be  a  period  of  several  thousand  years.  If  this  in- 
terpretation be  admitted,  it  will  remove  the  difficulty 
that  some  have  felt  in  reconciling  the  epochs  of 
creation  with  the  six  days  mentioned  by  Moses. 
The  six  days  in  which  Creative  luiergy  renovated 
the  globe  and  called  into  existence  difierent  classes 
of  animals,  will  imply  six  successive  epochs  of  inde- 
finite duration.  The  absence  of  human  bones  ia 
stratified  rocks  or  in  undisturbed  beds  of  gravel  or 
clay,  indicate  that  man,  the  most  perfect  of  terres^ 
trial  beings,  was  not  created  till  after  those  great 
revolutions  which  buried  many  different  orders,  and 
entire  genera  of  animals  deep  under  the  present  sur- 
face of  the  eartli.  That  man  is  the  latest  tenant  of 
the  globe,  is  contirnied  by  the  oldest  records  or  tra- 
ditions that  exist  of  the  origin  of  the  liuman  race. 

The  great  -convulsions  which  have  at  distant  pe- 
riods changed  the  ancient  surface  of  the  globe,  and 
reduced  it  from  a  chaotic  to  its  present  habitable 
state,  were  not,  it  is  reasonable  to  believe,  eflkcted  by 
the  blind  fiiry  of  tumultuous  and  conflicting  elements, 
but  were  the  result  of  determined  laws,  mrected  by 

*  The  discoveries  in  astronomy  wUch  proved  the  diimud  and 
annual  motions  of  the  earth,  were  for  some  time  warndy  opposed, 

as  being  at  variance  with  the  motion  of  the  sun  and  moon,  and  the 
motionless  stability  of  the  earth  which  the  sacred  writings  de- 
scribe. Wc  should  not,  however,  admire  the  judgment  of  the 
writer,  who  in  the  present  day  should  publish  a  scriptural  as- 
Ironomify  in  opposition  to  the  Copernican  system.  The  sacred 
writers  describe  natural  objects  as  they  appear  to  the  senses,  and 
do  not  teach  systems  of  pUlosophy. 
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the  same  wisdom  which  leguktes  every  part  of  the 
external  universe.    Compared  with  the  ephemeral 

existence  of  man  on  the  earth,  the  epoclis  of  these 
changes  may  appear  of  almost  inconceivable  dura- 
tion ;  but  we  are  expressly  told,  "  that  with  the  Creator 
a  thousand  years  are  as  one  day^  aad  one  day  as  a 
thousand  years." 


CHAP.  11. 

ON  FOSSm  ANIMAL,  AND  VEGETABLE  REMAINS, 

OR  PALEONTOLGY.* 

Opinions  of  early  Naturalists  respecting  Petrifactions.  —  On  the 
Process  called  Petrifaction.  —  Experiment  of  Dr.  Jenner  on  the 
Petrifaction  of  recent  Hone.s.  —  Living  Reptiles  occasionally 
found  in  solid  Stone. —  Keiuurkable  Ditiereuce  in  the  Couditioa 
of  Fossil  Remaint  in  adjacent  Strata ;  Instance  of  tbS»  at  West- 
bur^  Cliff,  Gloucestershire.^ The  four  grand  Divisions  of  the 
Animal  Kingdom. —  Distribution  of  the  Remains  of  certain 
Classes  and  Orders  of  Animals  in  each  Division  through  the  dif- 
ferent Hock  Formations.  —  Fossil  Elephant  proved  to  have 
been  an  Inhabitant  of  cold  Climates.  —  On  Vegetable  Petri- 
factions in  the  Transition,  Secondary,  and  Tertiary  Strata. — On 
the  Progression  from  lower  to  higher  Forms  of  Organic  Structure. 


Pakontology,  a  iermlaiefy  tnirodueed,  eon^msesfotiU  Zool(^ 
fossil  Botany t  a  knowledge  of  these  may  appear  to  the  student  to  haoe 
little  immediate  connection  with  Geology  ;  the  author  hat  therefore  ai 
the  end  of  ilie  present  Chapter  given  a  summary  of  the  proofs  which 
organic  remtuns  (ifford  of  the  former  condition  of  the  crust  of  the 
globe. 


If  it  had  been  predicted  a  century  ago,  that  a  vo- 
lume woidd  be  discovered,  containing  the  natural 
history  oH  the  earliest  inhabitants  of  the  glob^  who 
flourished  and  perished  before  the  creation  of  man, 
with  distinct  impressions  of  the  forms  of  genera  of 
animals  no  longer  existing  on  the  earth,  —  what 
curiosity  would  have  been  excited  to  see  this  won- 
derful volume!  how  anxiously  would  Philosophers 
have  waited  for  the  discovery!  But  tiiis  volume 
is  now  discovered  j  it  is  the  volume  of  Nature,  rich 

*  Paleontology  from  the  Greek  Pdaios  ancient,  and  ontology  the 
science  of  beings. 
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with  the  spoils  of  primeval  ai^es,  unfolded  to  the 
view  of  the  attentive  ohserver,  in  the  strata  that 
compose  the  crust  of  the  globe.  The  numerous  and 
varied  forms  of  organic  beings,  whose  remains  are 
there  distinctly  preserved,  sometimes  differ  so  much 
in  structure  from  any  known  genera  of  animals,  that 
we  can  scarcely  hazard  any  probable  conjectures 
respecting  their  modes  of  existence.  Nor  is  it 
merely  the  forms  of  unknown  animals  that  we  dis- 
cover  in  tlie  diticrcnt  strata,  we  also  learn  the  order 
of  succession  in  which  they  first  appealed  ou  the 
globe. 

It  is  only  within  a  comparatively  short  period,  that 
these  fossil  organic  remains  have  engaged  the  atten- 
tion of  naturalists.  It  is  true  that  in  remote  times,  . 
the  occasional  discovery  of  shells  and  bones  of  laige 
animals  imbedded  in  rocks,  did  not  escape  the  atten- 
tion of  philosophers  i  but  the  shells  were  supposed 
to  belong  to  species  now  living,  and  the  bones  to  a 
gigantic  race  of  men,  that  perished  during  some 
great  inundation,  or  had  been  buried  by  earthquakes. 
Other  hypotheses,  equally  remote  from  truth,  serve 
to  show  how  little  attention  had  been  bestowed 
on  this  department  of  Natural  History.  The  cele- 
brated botanist,  Tournefbrt,  tirom  the  regularity  of 
form  in  many  fossil  remains,  was  induced  to  believe 
that  they  were  stones  that  grew  and  vegetated  from 
seeds^  How  could  the  CotJiu  Ammonis^  he  ob- 
serves, which  is  constantly  in  the  figure  of  a  vdute, 
be  formed  without  a  seed  containing  the  same  struc- 
ture in  the  small,  as  in  the  larger  forms?  Who 
moulded  it  so  artfully,  and  where  are  the  moulds?" 

As  fossil  organic  remains,  particularly  shells  and 
zoophytes,  are  found  many  hundred,  and  even  thou- 
sand, feet  below  the  present  surface  of  the  earth,  the 
first  inquiry  that  naturally  suggests  itself  is,  how  did 
they  come  there  ?  It  is  impossible  that  the  animals 
when  living,  or  their  exuviae  when  dead,  could  pass 
through  such  vast  depths  of  solid  rock.  A  few  of 
them  might  fall  into  vertical  fissures,  and  remain 
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there*,  but  they  could  never  in  this  way  enter  into 
strata  almost  entirely  composed  of  organic  remains. 
Besides,  the  strata  now  deep  under  the  dry  ground 
are  chiefly  filled  with  the  remains  of  marine  animals  ; 
nor  do  we  generally  find  these  animal  remains  con- 
fusedly  aggregated ;  different  genera  or  species  oc- 
cupy particular  strata,  or  are  associated  with  certain 
genera  or  species  of  the  same  class,  and  never  with 
others.  It  is  therefore  evident  that  they  were  not  ' 
brought  into  their  present  situations  by  vast  inunda- 
tions and  buried  under  the  earthy  matter  which  a 
subsequent  inundation  cast  over  them.  Neither  could 
zoophites,  fish  or  large  reptiles,  or  the  inhabitants 

Instances  of  reptiles  found  living  in  tlM  midst  of  solid  stone 
somettmes  occur.  Al  the  coDienr  on  Rothwell  Haigh  near  Leeds» 
a  linqg  lizard  or  newt  was  (bund  in  a  bed  of  coal  at  the  depth  of 
180  ^rardt  from  the  surfhce.  I  saw  it  in  the  year  1819  soon  after 
its  discovery  ;  it  was  preserved  in  spirits,  and  was  about  five  inches 
in  length.  1  could  not  perceive  that  it  differed  from  the  living 
species.  The  animal  had  probably  crept  into  the  mine  along  one 
of  the  levels  that  drain  off  the  water,  or  down  the  sides  of  the 
sbi^  The  specimen  is  now  in  the  possession  of  the  Rev.  A* 
Sharp,  Vicar  of  Wakefield.  In  all  instances  where  toads  have  been 
fimna  in  solid  stone»  it  ia  reasonable  to  believe  that  they  entered 
through  fissures  that  have  been  subsequently  closed.  That  these 
animals  will  live  without  food  for  a  great  number  of  years,  is 
proved  by  the  followini:^  circumstance  :  — 

The  late  Sir  Thomas  iilucket,  of  Britton  Hall  in  Yorkshire,  had 
one  cellar  which  was  only  opened  once  a  year,  as  it  contained  some 
particufaurly  choice  wine  which  was  never  brought  to  table  but 
on  the  annual  celebration  of  his  birthday,  which  was  on  the  81st 
of  December,  or  St.  Thomas's  day.  The  butler  when  taking  out 
the  %vine  observed  a  small  toad  crawling  along  the  stone  floor.  He 
placed  the  toad  under  a  wine  bottle,  and  thought  no  more  of  it  till 
lie  went  into  the  cellar  the  following  year,  when  on  removing  the 
bottle  he  was  much  surprised  to  see  the  toad  immediately  crawl. 
This  circumstanoe  he  mentioned  to  Sir  Thomas,  who  descended 
with  his  visiters  into  the  cellar  to  look  at  the  toad,  after  whidi^  the 
bottle  was  replaced,  and  the  poor  animal  was  kept  a  close  prisoner 
till  the  succeeding  year,  when  he  was  again  uncovered,  and  found 
alive  as  before.  The  same  annual  experiment  was  continued  for 
more  than  twenty-five  years,  when  the  wine  was  exhausted,  the 
cellar  cleared,  and  the  toad,  who  was  still  living,  was  thrown  out  of 
doors.  Having  heard  of  this  drcumstance  from  a  person  who  had 
lived  in  the  family  part  of  the  time»  I  questioned  the  old  bnder  re- 
specting it,  and  he  fiillj  confirmed  the  truth  of  the  tterjr* 
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of  bivalve  or  univalve  shells,  have  lived  and  flourished 
in  the  midst  of  solid  stone.  We  are  therefore  led  to 
the  conclusion,  that  each  stratum  which  contains 
these  (manic  remains  was  once  the  uppermost  cover- 
ing of  the  globe,  and  that  the  animals  for  the  most 
part  lived  and  died  near  where  their  bones  or  shells 
are  now  found,  and  were  covered  by  successive 
depositions  of  strata,  on  which  following  races  of 
living  beings  flourished,  and  in  like  manner  left  their 
remains. 

Animal  or  vegetable  substances  found  imbedded 
in  rocks,  are  more  or  less  impregnated  with  mineral 
matter,  and  hence  have  been  called  petrifactions. 
The  process  of  petrification  consists  in  the  infiltration 
of  mineral  matter  into  the  pores  of  bone  or  vegetables. 
In  some  instances  the  animal  or  vegetable  matter 
has  been  almost  entirely  dissolved  or  removed,  and 
the  mineral  matter  so  gradually  substituted,  as  to 
assume  the  perfect  form  of  the  internal  structure 
either  of  tlie  plant  or  animal. 

1  he  process  of  petrification  may  be  more  rapidly 
effiicted  than  has  generally  been  supposed.  In  the 
year  I8I7,  I  paid  a  visit  to  the  celebrated  Dr.  Jenner, 
at  Berkley,  who  informed  me  that  he  had  made 
several  experiments  upon  recent  bones,  by  burying 
them  in  the  dark  mud  mm  the  lias  clay :  in  less  than 
twelve  months  the  bones  became  black  throughout, 
and  when  dry,  they  were  harder,  heavier,  and  more 
brittle  than  recent  bone,  and  the  surface  was  shining. 
Tlie  specimens  which  he  showed  me,  presented  the 
same  appearance  as  the  fossil  bones  in  the  lias  clay. 
The  eflect  was  probably  produced  so  speedily  by  the 
presence  of  the  sulphate  of  iron,  and  other  saline 
m|^edients  with  which  that  stratum  abounds.  As 
this  stratum  is  the  most  remarkable  of  all  the  second- 
ary series,  for  the  large  animal  remains  which  it 
contains,  particularly  of  the  saurian  or  lizard  order, 
and  as  the  bones  are  frequently  covered  with  crystals 
or  incrustations  of  pyrites,  I  will  venture  to  hazard 
a  conjecture  respecting  the  manner  in  which  these 
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crystals,  or  iticrustations  of  pyrites,  or  ^pharet  of 

iron,  are  formed.  The  stratum  before  mentioned, 
contains  much  sulphate  of  iron  or  green  copperas  in 
sohition.  1  suppose  that  the  carbon  in  the  animal 
matter  had  decomposed  the  sulphuric  acid  and  the 
oxide  of  iron,  and  that  the  sulphur  and  iron  in  their 
nascent  state  had  united,  aful  formed  the  sulphuret 
of  iron  or  pyrites.  I  was  ied  to  this  conclusion  by 
reading  an  account  by  Mr.  Pepys,  of  some  mice 
having  by  accident  been  immersed  in  a  jar  containing 
a  solution  of  sulphate  of  iron :  how  long  they  had 
lain  thiere  was  unlcnown ;  but  the  remains  were  partly 
covered  with  small  crystals  of  pyrites,  which  could 
only  have  been  formed  in  the  manner  above  sug- 
gested. The  stone  surroundinc:  the  orc:anic  remains 
in  the  lias,  I  have  observed  to  be  considerably  harder 
than  the  other  parts  ot  the  same  stratum.  The 
organic  remains  of  zoophytes  and  shells  in  limestone 
strata  are  also  generally  harder  than  the  stone  in 
which  they  are  imbedded ;  and  on  this  account 
when  the  stone  has  been  exposed  to  the  atmosphere 
a  long  time,  the  organic  remains  rise  above  the 
surface. 

Organic  remains  are  generally  coloured  by  the 
strata  in  which  they  are  imbedded ;  in  roe-stone, 
chalk,  and  the  upper  fresli-water  limestone,  they 
approach  to  a  yellowish  or  brownish  white  :  in  lias, 
bituminous  shale,  and  dark  limestone,  they  incline  to 
blaclc ;  and  the  shells  in  bituminous  shale  are  some- 
times filled  with  bitumen  jn  a  fluid  state.  In  the 
strata  above  chalk,  the  bones  and  shells  retain  their 
original  constituent  parts  very  little  changed  ;  in 
chalk,  and  all  the  strata  under  chalk,  the  organic 
remains  are  more  or  less  completely  impregnated 
with  mineral  matter.  The  outer  crust  or  shell  of 
nianv  chalk  ibssiis  is  calcareous,  and  the  internal 
part  filled  with  flint.  In  some  cases  we  meet  witli 
an  intenial  cast  ibrmed  in  the  cavity  of  a  crustaceoua 
animal,  and  the  external  covering  has  disappeared  : 
in  other  instances,  the  shell  or  crust  of  the  animal 
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has  formed  a  mould  in  the  stones  into  which  minenU 

matter  has  been  subsequently  infiltered,  and  has  thus 
made  an  external  cast. 

It  is  particularly  deserving  attention,  that  some 
animal  remains  contain  the  most  delicate  fibres  and 
spines,  perfect  and  unbroken  :  this  proves  that  tiie 
mineral  matter  in  which  they  are  imbedded  was  de- 
posited in  a  finely  comminuted  states  and  in  a 
tranquil  sea.  In  some  instances  the  most  delicate 
shells  are  regularly  arranged  in  the  same  position  in 
which  the  animals  lived  and  died»  while  the  animal 
remains  in  the  strata  above  or  below  them  are  broken 
and  confusedly  aggregated  together.  The  most  re- 
markable instance  of  this  kind  I  have  ever  observed 
occurs  at  Westbury  ClifT,  on  the  northern  bank  of 
the  river  Severn  about  seven  miles  below  Gloucester. 
It  is  a  low  cliff,  nearly  perpendicular;  the  lower  part 
is  composed  of  what  is  generally  called  red  marl^ 
over  which  are  the  lower  beds  of  dark  aif^illaceous 
limestone  and  clay,  called  lias.  A  few  ysurds  above 
the  junction  of  the  lias  and  red  marie»  there  is  a  thin 
stratum  of  dark  micaceous  sandstone,  entirely  filled 
with  bones,  and  tlie  teeth  of  the  shark,  and  animals 
of  the  saurian  or  lizard  tribe,  broken  and  intermixed 
in  the  greatest  imaginable  disorder.  Near  the  upper 
part  of  the  cliff,  not  many  feet  above  the  stratum 
filled  with  bones,  there  is  a  thin  stratum  of  whitish 
argillaceous  limestone,  called  white  lias,  which  is  filled 
with  the  most  delicate  minute  bivalve  shells,  all  ar- 
nmged  in  the  same  position,  without  any  intermixture 
with  shells  of  other  iq>ecies. 

Facts  like  these  are  particularly  deserving  the  at- 
teniiun  of  the  geologist,  as  they  mark  in  a  striking 
manner  the  sudden  convulsions  which  the  surface  of 
the  globe  has  at  different  periods  undergone. 

The  stratum  with  aggregated  bones  of  saurian 
animals  appears  again,  on  the  other  side  of  the 
SeverUy  at  Aust  Passage,  where  the  junction  of  the 
lias  and  red  ground  may  also  be  observed ;  but  I 
codid  not  cUsmver  there  any  trace  ci  the  white  lias 
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bed  with  the  bivalves,  similar  to  those  at  Westbury 


Some  of  the  more  delicately  constructed  animals, 
and  the  fish  whose  bodies  are  found  entire,  imbedded 
in  stone,  appear  to  have  been  instantaneously  de- 
stroyed and  enveloped  in  mineral  matter,  before  the 
putrefactive  process  could  commence.*  The  process 
of  petrifiiction  must  also,  in  some  instances,  have 
commenced  almost  immediately  afler  the  death  of 
the  animaL  In  some  specimens  of  fossil  fish  from 
chalky  in  the  museum  of  Mr.  Mantell  of  Le^es,  the 
stomach  is  uncompressed,  and  is  filled  with  mineral 
matter. 

In  tracing  the  different  animal  remains  that  occur 
in  the  lower,  the  middle,  and  the  upper  strata,  the 
circumstance  most  worthy  of  notice  is  the  first  ap- 
pearance of  any  of  the  different  divisions  and  classes 
of  animals,  and  of  the  orders,  genera,  or  species  be- 
longing to  each  division.  In  the  luminous  arrange- 
ment of  Baron  Cuvier,  in  his  Regne  Animal,  all 
animals  are  distributed,  according  to  their  organis- 
ation, into  four  grand  divisions — Vertebrated^  Mth 
btscouSf  Articubtiedt  and  Radiated. 

Ist,  Vertebraied.  —  Animals  which  have  a  skull, 
containing  the  brain,  and  a  spine  or  back  bone,  con- 
taining the  principal  trunk  of  the  nervous  system, 


animals  that  suckle  their  young),  birds,  reptiles,  and 

fishes. 

2d,  Moluscous.  — Animals  in  this  division  have  no 
internal  skeleton:  the  muscles  are  attached  to  the 
skin,  which,  in  many  species,  is  covered  with  a  shell. 
The  nervous  system  and  viscera  are  composed  of 

*  In  the  Museum  at  the  Jardin  de  Planus  in  Paris,  there  is  a 
large  spedmen  of  two  fossil  fish,  which  are  supposed  to  hare  been 
destroyed  and  oorered  with  mineral  matter,  wnen  one  of  them  was 

in  the  very  act  of  swallowing  the  other ;  but  an  inspection  of  the 
specimen  inclined  mc  to  infer,  that  the  two  heads  had  been  pressed 
together^  by  the  incumbent  weight  of  stone  deposited  upon  them. 
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detached  masses^  united  by  nervous  filaments :  tb^ 
possess  only  the  senses  of  feeling,  taste,  and  sight; 
out  many  species  want  the  latter.  They  have  a 
complete  system  of  circulation,  and  particular  organs 
for  respiration.  Aninuds  with  bivalve,  univalve^  or 
with  chambered  shells,  belong  to  this  division ;  but 
many  moluscous  animals  have  no  shell. 

3d,  Articulated,  —  To  this  division  belong  worms, 
crustaceou^  animals,  and  insects  :  their  nervous  sys- 
tem consists  of  two  long  chords,  ranging  along  the 
body,  and  swelling  out  in  different  parts  into  gan- 
glions alid  knots.  Worms  having  their  bodies  com- 
posed of  rings,  are  called  annelides  ;  they  have  red 
blood  :  some  species  inhabit  a  calcareous  tube^  sup- 
posed to  be  formed  by  exudation. 

4tb,  RadkUed —  comprises  all  the  animals  which 
were  by  former  naturalists  called  zoophy  tes^  or  animal 

Sdants,  as  the  corallines,  &c.  which  were  long  mistaken 
or  marine  vegetables.  In  animals  of  this  division, 
the  organs  of  sense  and  motion  are  disposed  circularly 
around  a  centre  or  axis.  They  have  no  distinctly 
marked  nervous  system,  and  the  traces  of  circulation 
in  many  species  can  scarcely  be  discerned.  Many  of 
the  animals  in  tliis  division  have  no  power  of  loco- 
motion, as  madrepores  and  encrinites.  Others,  as  the  . 
ecliinus,  possess  a  very  complex  organisation,  and  the 
power  of  moving  f  rom  place  to  place  on  their  spines, 
which  serve  them  for  feet. 

In  describing  the  order  in  which  the  organic  re- 
nll^s  belonging  to  each  of  these  grand  divisions  are 
distributed  through  the  different  classes  of  rocks,  it 
*  lilft     more  convenient  to  begin  with  the  lowest 
RaSiUed  Animals^  such  asencriniand  madrepores, 
have  left  their  remains  abundantly  dispersed  through  • 
rocks  of  the  transition  series :  many  of  the  strata 
appear  almost  entirely  composed  of  their  mineralised 
exuviae,  but  generally  in  a  broken  state.    The  chain 
coral  occurs  occasionally  in  transition  limestone. 
Other  genera  oi'  radiated  animals  occur  in  the  more 
'fwent  tbrroations  of  limestone,  but  seldom  in  sufficient 
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abundance  to  compose  nearly  the  whole  mass  of  a 
stratum.   This  is  die  more  remarkable,  as  coralline 

animals  are  forming  extensive  calcareous  rocks  in  our 
present  seas.  Some  genera  and  species  ol'  radiated 
animals  wliich  abound  in  transition  rocks,  have  not 
left  their  remains  in  any  of  the  upper  strata  ;  hence 
it  might  be  inferred  that  they  liad  long  been  extinct. 
In  some  instances  the  inference  is  not  correct ;  the 
Madrepara  stylina^  so  common  in  transition  Ume- 
stone^  is  entirely  wanting  in  the  secondary  and 
tertiary  strata ;  but  a  living  animal  of  this  species 
hn  recently  been  discovered  in  the  South  Seis.  The 
pentacrinusy  which  is  chiefly  distinguished  from  the 
encrinus  by  its  pentagonal  stem  ana  branches,  makes 
its  first  distinct  appearance  in  the  lias,  but  is  not 
frequently  met  with  in  the  upper  strata,  and  disap-* 
pears  entirely  in  the  uppermost  formations  :  hence  it 
was  long  supposed  tliat  the  species  was  extinct.  A 
living  pentacrinus  has  lately  been  discovered  in  the 
West  Indies,  and  its  stem  and  branches  in  a  perfect 
state  have  been  sent  to  this  country ;  and  still  more 
recently  a  living  pentacrinus  was  found  in  the  Cove 
of  Cork.   See  pi.  8.  fig.  17* 

The  genus  echinus  makes  its  first  appearance  in 
the  midst  of  the  secondary  strata,  and  various  species 
are  continued  into  chalk,  which  abounds  with  re- 
mains of  this  animal  in  high  preservation.  It  may 
be  remarked,  that  scarcely  any  calcareous  stratum 
abounding  in  marine  organic  remains  has  been  ex- 
amined, in  which  remains  of  some  species  of  radiated 
animals  may  not  be  found. 

Artictdaied  Aniimls.  —  Some  species  of  worms 
(annelides)  inhabiting  tubes,  have  left  their  remains 
in  the  upper  secondary,  and  tertiary  strata:  remains 
of  crustaceous  animals  (crabs,  &c.)»  are  not  numerous 
in  die  upper  secondary  strata,  where  thev  fint  occur ; 
but  ih^y  are  more  common  in  chalk  and  the  tertiary 
beds  of  clay  covering  chalk.  One  of  the  very  first 
inhabitants  of  the  globe  appears  to  have  been  a  crus- 
taceous aquatic  animal,  called  in  England  the  Dudley 
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fmU,  from  its  being  first  noticed  in  the  transition 
limestone  near  that  town.  Its  more  ap}>ropriate 
name  is  the  Trilobile,  from  the  three  parallel  lobes 
or  divisions  of  the  body,  with  ranges  of  transverse 
ventral  fins,  somewhat  similar  to  those  under  the  tail 
of  a  lobster.  The  largest  species  are  found  in  the 
slate  quarries  at  Angers,  in  France.  A  apedmen  in 
my  possession,  from  that  place,  measures  sevra  inches 
ID  length  :  the  body  has  taken  the  flat  form  common 
to  ahnost  all  fossils  found  in  slate  (see  Plate  5.) ;  it 
scarcdy  rises  more  than  one-third  of  an  inch  above 
the  sunace  of  the  slate :  the  upper  slate  contains  the 
impression  or  mould  of  the  animal.  To  this  species 
Guettard  has  given  the  name  of  Ogjjges,  from  its 
occurrence  among  the  most  ancient  rock  formations 
'  that  contain  vestiges  of  organic  life. 

The  remains  of  winged  insects  have  sometimes 
been  found  in  the  secondary  strata  in  England,  par- 
ticularly in  the  calcareous  slate  of  Stonesfield,  Ox- 
fordshire, where  numerous  impressions  of  the  elytra, 
or  hard  cases  which  cover  the  wings,  of  coleopterous 
insects  occur**  Professor  Buckland  very  ingeniously 
conjectures  that  these  winged  insects  might  serve  as 
food  for  the  flying  lizards  (Pfcerodactyli)  that  are 
found  in  the  same  strata,  and  were  cotemporaneous 
with  them.  Of  all  the  lour  grand  divisions  of  the 
animal  kingd6m,  the  Articulated  has  supplied  the 
smallest  number  of  fossil  organic  remains. 

Molluscous  AnhnaJs.  —  Shells  of  these  animals, 
chiefly  bivalves,  occur  in  the  limestones  of  the  transi- 
tion aeries ;  but  the  number  of  the  species  is  compara- 
tively small.  Some  chambered  shells,  particularly 
(Mthoceratites»  are  found  in  transition  limestone. 

In  the  secondarv  strata  that  cover  the  transition 
series^  shells  of  molluscous  animals,  both  bivalves  and 
univalves,  are  more  abundant,  and  the  number  of  the 
species  is  greatly  increased. 

*  The  wing  of  an  insect,  about  the  size  of  that  of  the  dragon-fly, 
wasfound  delicately  preservedin  a  nodule  of  iron-stone,  from  the  coal- 
fieUi  of  Shropsbireb  It  it  in  the  Mantelliaa  Muaeum  at  Briahtoo. 
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It  is  in  the  lower  strata  of  this  series  that  cham- 
bered shells,  sucli  as  luiutilites  and  ammonites,  first 
become  numerous;  some  species  arc  continued  into 
the  chalk  strata,  but  no  ammonites  are  found  in  the 
strata  above  chalk.  Trochifbrm  or  top-shaped  spiral 
univalve  shells  first  appear  in  tlie  lower  part  of  the 
secondary  series,  but  become  more  numerous  in  the 
upper  part  of  this  series.  In  the  tertiary  strata  above 
chalk,  the  species  of  univalve  shells  greatly  exceed 
that  of  the  bivalves :  in  the  lower  strata,  the  reverse 
is  the  c«e.  We  may  further  remark,  that,  as  the 
tertiary  strata  are  the  most  recent  of  regular  rock 
formations,  so  the  or^nic  remains  which  they  contain, 
bear  a  closer  resembkuice  to  the  shells  of  molluscous 
animals  living  in  our  present  seas,  than  what  are  found  ^ 
in  the  more  ancient  strata.  Some  of  the  shells  in  the 
upper  part  of  the  tertiary  strata  ap}>ear,  indeed,  to 
be  identical  with  those  of  existing  species. 

The  ditierent  classes  and  orders  of  molluscous 
animals  that  have  lefl  their  remains  in  the  lower  and 
the  upper  strata,  doubtless  possessed  each  the  peculiar 
organisation  that  best  enabled  them  to  exist  and 
multiply  under  the  peculiar  condition  of  our  planet, 
that  was  cotemporaneous  with  the  epoch  or  their 
creation.  When  this  condition  was  changed,  their 
numbers  were  diminished,  or  tliey  disappeared  en- 
tirely,  and  were  succeeded  by  ditferent  races,  with  an 
organisation  adapted  to  other  modes  of  existence,  and 
to  the  new  circumstimces  in  which  they  were  placed. 
Such  arc  the  legitimate  inductions  w  e  aj^pear  justified 
in  making,  from  the  organic  remains  in  the  diilerent 
strata*  The  further  consideration  of  this  interesting 
inquiry  will  be  resumed  in  the  succeeding  chapters. 

Fertebraied  Animals  are  arranged  under  four 
classes :  —  Fishes,  reptiles,  birds,  and  mammiferous 
animals.  Remains  of  fishes  are  exceedingly  rare  in 
transition  rocks ;  but  they  appear  decidedly  in  the 
lower  secondary  strata,  i  lie  entire  bodies  are  some- 
times well  preserved  ;  and  the  bones,  scales,  teeth,  and 
vertebrae  are  met  with  occasionally  in  aiipost  ail  tiie 
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Strata  that  contain  fossil  shells,  whether  secondary  or 
tertiary.  Many  of  tlie  Ibssils  bear  a  close  resemblance 
to  species  at  present  existing,  either  in  the  ocean  or 
in  nvers 

The  bones  and  entire  skeletons  of  reptiles  allied 
to  the  saurian  or  lizard  class,  occur  in  the  lower  part 
of  the  secondary  strata,  and  are  very  abundant  m  a 
dark  argillaceous  limestone  called  lias,  and  in  the 

beds  of  clay  that  are  over  it.  These  animals  are 
many  of  them  different  from  any  known  existing 
genera :  they  were  inhabitants  of  the  ocean,  and 
furnished  with  paddles  instead  of  feet.*  In  the 
upper  secondary  strata,  between  the  lias  and  chalk, 
the  remains  of  other  saurian  animals,  closely  allied 
.  to  living  species  of  crocodiles  and  lizards,  are  fully 
developed:  they  had  feet,  and  were  evidently  am- 
phibious* Of  the  saurian  animals  in  this  series,  that 
called  the  iguanodon,  discovered  by  Mn  Mantel], 
near  Cuckfield,  in  Sussex,  is  the  most  remarkable  for 
its  size ;  the  length  exceeding  eighty  feet,  and  the 
thickness  of  the  body  being  equal  to  that  of  the 
elephant.  It  is  supposed  to  have  been  hei  bviorous. 
It  closely  resembles  in  structure  the  iguana,  a  native 
of  America  and  the  West  Indies. 

fossil  remains  of  birds  are  extremely  rare  in  the 
secondary  strata ;  they  are  more  common  in  some  of 
the  tertiary  beds.  The  footmarks  of  birds  have  re- 
cently been  discovered  in  sandstone  of  the  secondary 
formations,  both  in  Europe  and  the  United  States  of 
America ;  they  belong  chiefly  to  the  order  of  Gralte 
or  Waders :  this  indicates  that  they  inhabited  marshes 
or  the  sea  shore.  Remains  of  Hying  lizards  have 
been  discovered  in  a  fossil  state  in  Germany,  and 
very  recently  in  Oxfordshire  and  Dorsetshire :  these 
were  at  first  mistaken  for  the  bones  of  birds. 

Vertebrated  animals  of  the  highest  class,  the  mam- 
malia, occur  in  the  tertiary  strata,  and  in  ancient 
beds  of  gravel  and  clay.  Cetaceous  animals,  allied 
to  the  whale  and  seal,  have  been  found  in  some  of 

*  ioi  an  account  of  tliese  large  saurian  animals  see  Chapter  13. 
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tlie  tertiary  strata  ;  but  they  are  by  no  means  common. 
The  bones  of  herbivorous  land  quadrupeds  occur  in 
the  upper  part  of  the  tertiary  beds,  or  what  may  be 
regarded  as  the  latest  geological  formations:  they 
are  more  frequently  found  in  beds  of  clay  and  gravel 
than  in  the  solid  strata.    Cuvier  has  ascertained  the 
existence  of  fossil  bones  belonging  to  about  seventy 
species  of  mammiferous  quadrupeds,  in  the  tertiary 
strata  near  Paris.  Nearly  forty  of  these  are  of  extinct 
species,  and  several  of  them  belong  to  extinct  genera. 
A  very  considerable  number  of  the  large  fossil  bones 
belong  to  the  different  genera  and  species  of  tlie 
order  named  by  Cuvier  Pachydei^mta^  or  thick- 
skinned  non-rnminant  animals ;  as  the  elephant,  the  ' 
mastodon,  the  tapir,  the  hippopotamus,  the  rhinoceros, 
and  the  palaeotherium.     As  these  bones  are  very 
abundantly  found  in  many  countries  in  northern 
Europe,  the  fact  proves  either  that  the  animals  were  • 
natives  of  cold  and  temperate  climes,  or  that  the 
temperature  of  the  earth  has  decreased.   The  entire 
body  of  an  elephant  embedded  in  ice,  in  Siberia,  was 
found  in  the  year  1799.    Its  skin  was  covered  with 
two  kinds  of  coarse  hair  and  a  soft  fur  beneath,  which 
affords  almost  certain  proof  that  the  animal  w^as  an 
inhabitant  of  a  cold  climate,  or  at  least  of  one  in 
which  the  winters  were  severe.    A  similar  defence 
against  cold  is  provided  ibr  terrestrial  quadrupeds 
that  inhabit  cold  countries,  but  is  never  observed  in 
tropical  climates,  except  in  mountainous  r^ons  that 
have  a  low  temperature.   The  author's  attention  was 
directed  to  this  subject  many  years  since ;  and  in  his 
<«  Observaiions  on  the  Effect  of  Soil  and  Climate  on 
JFool"  he  has  stated  instances  of  EngHsh  long- 
woolled  sheep  casting  their  fleece  in  hot  climates, 
and  being  clothed  with  short  coarse  hair  like  bristles. 
Bishop  Heber,  in  his  travels  in  the  Himalayan  moun- 
tains, mentions  a  species  of  elephant  which  he  saw 
there,  not  larger  than  an  ox,  and  **  as  shaggy  as  a 
poodle."    He  further  states,     that ,  English  dogs, 
brought  to  those  mountains,  in  a  winter  or  two 
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acquire  the  same  short,  fine,  shawl  wool,  mixed  with 
their  own  hair,  which  distinguiahes  the  indigenous 
aoiiDals  of  the  country:  the  same  is  in  a  considerable 
degree  the  case  with  horses.''  The  fossil  elephant  that 
was  once  a  native  of  Europe,  according  to  Cuvier> 
diflfared  as  much  from  the  Asiatic  or  the  African 
elephant,  as  the  horse  diiieni  from  the  ass.  Bones 
and  teeth  of  extinct  species  of  carnivorous  quadru- 
peds most  frequently  are  found  in  caverns,  intermixed 
witli  bones  of  herbivorous  animals,  in  a  broken  state. 
Since  the  time  that  fossil  bones  have  been  examined 
by  naturalists  who  have  attended  to  comparative 
anatomy,  no  vestiges  of  human  remains  have  been 
discovered  ^  nor  have  any  of  tlie  bones  of  the  animals 
which  approach  nearest  to  man  in  structure,  the 
Quadrumanes  or  monkeys^  been  yet  found  with  those 
of  the  more  ancient  inhabitants  of  the  globe.*  The 
vast  diluvial  beds  of  gravel  and  clay,  and  the  upper 
strata  in  Asia,  have,  however,  not  yet  been  scienti- 
fically explored  ;  and  both  sacred  and  profane  writers 
agree  in  regarding  the  temperate  regions  of  that 
continent,  as  the  cradle  of  the  hinnan  race.t 

Vegetable  Petrifactions, — Tlie  remains  of  vegetables 

*  Since  the  former  edition  of  this  irork,  the  jair-boneof  a  species 

of  ape  has  been  found,  with  fossil  bones  of  other  mainmaHa,  in  the 
upper  tertiary  beds  in  the  south  of  France.  The  age  of  the  re- 
mains of  human  bones  in  caverns  in  France  and  Germany  (which 
will  be  noticed  in  a  succeeding  cliapter),  is  still  undetermined. 

f  It  has  been  conjectured,  that  the  bones  of  man  are  more 
fragile  and  pCTMhable  than  those  of  land  quadrupeds;  bat  this  is 
contrary  to  experience :  for  it  has  been  well  observed  by  Cuvier, 
that  the  bones  of  men,  lefl  on  the  field  of  battle  with  those  of 
hordes,  are  as  well  preserved  as  the  latter,  making  allowance  for  the 
difference  of  size.  Neither  is  there  any  essential  difference  in  the 
chemical  constituent  parts  of  human  bone  from  those  of  other 
animab  of  the  class  mammalia.  Dry  bones,  according  to  Berzelius, 
coDtaui  as  under : 
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found  in  dift'erent  strata  afford  interesting  inform- 
ation respecting  the  ancient  condition  of  our  planet^ 
which  we  could  not  have  obtained  from  animal  re- 
mains alone.  The  animal  remains  found  in  the 
transition  rocks  are  almost  exclusively  marine; 
hence  we  could  not  have  inferred,  from  these  remains 
alone,  that  any  portion  of  the  globe  was  dry  land 
when  these  rocks  were  deposited.  In  some  of  the 
shite  rocks,  however,  a  few  remains  of  terrestrial 
plants,  analogous  to  ferns,  occasionally  occur,  which 
indicate  the  existence  of  islands  or  tracts  of  land  at 
that  remote  epoch.  In  the  strata  of  sandstone  and 
shale,  which  alternate -with  coal  and  cover  transition 
rocks  of  marine  origin,  the  remains  of  terrestrial 
vegetables  are  abundantly  distributed,  and  those  of 
marine  animals  disappear  entirely  in  most  of  the 
beds ;  the  part  formerly  covered  by  the  sea  had, 
therefore,  become  dry  land,  with  rivers,  lakes,  and 
marshes,  on  which  the  plants  had  grown,  or  were 
deposited.  Again,  at  a  subsequent  period;  the  dry 
land  and  its  vegetation  became  buried  under  a  deep 
ocean,  that  deposited  numerous  calcareous  beds, 
filled  with  shells  and  remains  of  marine  animals,  but 
occasionally  containing  a  few  broken  fossil  remains  of 
terrestrial  plants,  which  had  probably  been  carried 
into  the  ocean  by  the  rivers  of  distant  countries.  In 
the  upper  strata,  the  alternation  of  marine  and  fresh- 
water formations  are  distinct  and  freauent 

It  appears  that  a  progression  from  lower  to  higher 
forms  of  01  gLinic  structure,  takes  place  in  the  veget- 
able as  well  as  in  the  animal  kinirdom,  as  we  ascend 
from  the  lower  to  the  upper  or  more  recent  strata. 

I  will  endeavour  to  state  this  intelligibly  to  the  geo- 
logical student,  who  may  at  present  be  unacquainted 
with  vegetable  physiology,  avoiding  teciinical  ei^pres- 
sions  as  much  as  the  subject  will  admit  ofl 

Vegetables  of  all  kinds  may  be  arranged  under 
two  grand  divisions— Ge/^to*  and  Vascular.  * 

•  For  a  full  and  clear  description  of  the  cellular  and  vascular 
tissues  of  vegetables,  see  Professor  licuslow's  Fliisioiogical  Botaoy, 
Chapter  I. 
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Cellular  —  1911110111  regular  vessels,  but  composed 
of  extremely  minute  cells  or  vesicles.  Con- 
fervae,  lichens,  fungi,  algae  or  sea-weed,  and 
mosses  belong  to  this  division.  In  some  of 
these  families  there  are  no  apparent  organs  of 
fructification. 

Vascular. — Plants  of  this  division,  beside  the  cells 
€S  which  cellular  v^etables  are  composed, 
have  tubes  or  vessels  which  form  organs  of 
nutrition  and  reproduction.  According  to 
the  arrangement  of  tliese  oigans,  and  their 
number  or  complexity,  vascular  plants  may 
be  divided  into  the  following  classes,  and 
each  class  coiitains  distinct  families  :  — 

1.  Without  perfect  flowers,  the  organs  of  fructifi- 
cation concealed  (cn/ptogajriia).  To  this 
class  belong  in  the  fossil  state  gigantic  ferns, 
equisetum  {horse  taify  and  other  plants  allied 
to  ferns. 

^  With  flowers  the  seeds  naked  or  without  cap* 
sules.  To  this  class  belong  the  family  of 
cycas  and  conifersB  or  firs*  This  class  is  de- 
nominated phanerogam ia  gymnospermous. 

3.  Flowering  plants  with  one  cotyledon  :  phaiiero- 

gamia  monocotyledonous.  It  comprises  water- 
lilies,  palms,  lihes,  and  canes. 

4.  Flowering  plants  with  two  cotyledons  ;  this 

comprises  all  forest  trees  and  shrubs:  pha- 

nerogamia  dicotyledonous. 
None  of  the  ftmilies  of  plants  but  those  in  the 
last  class  have  the  true  woody  structure,  or  produce 
perfect  wood,  except  the  coniferas  or  firs»  &c. ;  but 
the  wood  of  these,  differs  from  true  dicotyledonous 
wood. 

In  tracing  the  distribution  of  vegetables  through 
the  different  classes  of  rock,  we  shall  find  only  the 
lowest  or  simplest  forms  of  organisation,  in  the  most 
ancient  formations. 

1.  The  lowest  transition  slate  contains  occasion- 
ally impressions  of  algss  or  sea  weed  ^  bu<^ 
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considering  the  frail  texture  of  the  cellular 
plants,  we  cannot  expect  the  forms  to  be  well 
or  abundantly  preserved  in  rocks,  which  have 
probably  been  subjected  to  heat  and  various 
disturbing  agents*  A  few  fhmds  or  leaves  of 
ferns  have  been  found  in  some  rocks  of  this 
class. 

The  upper  transition  beds  of  coal-measures 
abouncl  in  vegetable  remains  of  the  lower 

classes  of  vascular  plants,  and  consist  chiefly 
of  families  in  wiiicli  the  organs  of"  Iructification 
are  imperfectly  developed  ;  such  as  ferns,  the 
equisetum  or  horse  tail,  the  Jycopodium  or  club 
moss,  and  of  extinct  species  alhed  to  these 
families  or  to  conifer®;  the  Lepidodendron, 
Sigillaria,  and  Stigmaria.*  A  few  coniferse 
also  occur  in  the  coal  measures. 
d«  The  secondary  strata  contain  chiefly  remains 

of  femSy  of  the  cycas,  and  of  the  coniferse. 
4«  Tertiary  strata  contain  fossil  plants  of  the 
more  perfect  classes,  which  arc  rarely  il*  ever 
found  in  the  secondary  strata.    Some  of  the 
most  recent  tertiarv  beds  contain  remains  of 
trees   analogous  to  what   now   flourish  in 
Europe.    Palms  occur  in  tertiary,  and  occa- 
sionally in  secondary  strata. 
The  above  brief  outline  of  the  distribution  of  fossil 
vegetables,  through  the  transition,  secondary,  and 
tertiary  formations,  shows  a  successive  prcjs^ression 
from  the  lower  to  the  higher  order  of  organic  struc- 
ture ~  from  plants  in  which  there  are  no  distinct 
organs  of  fructification  and  reproduction,  to  othei*s 
in  which  these  organs  are  hut  obscurely  developed ; 
and,  lastly,  to  plants  producing  flowers,  fruit,  and 

•  As  some  of  the  tarnilies  of  plants  here  named  are  extinct,  and 
others  are  only  known  to  the  scientific  botanist,  the  reader  is 
referred  to  Dr.  Buckland's  Treatise,  Vol.  II.  for  plates  of  the 
fidlawiog  ftmilies:  PL  55.  figs.  I,  2,  3.  the  Lepidodendron ;  PI.  56. 
fig.  1,  %  Sigtlhirta»  figs.  8,  9,  la  H-  Stigmaria ;  PI.  58.  Cjcass 
PL  59.  Zsmlii ;  P1.6a  Fofiil  C/caditesfirwii  tbeUe  of  Portfand. 
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seed,  with  a  woody  structure  like  that  of  existing 
forest  trees  and  plants.  The  study  of  fossil  Botany 
is  still  in  its  infancy ;  from  fifty  to  sixty  thousand 
species  ot  living  plants  have  been  named,  but  only 
500  species  of  fossil  plants  have  yet  been  described. 
The  characters  of  foiBil  plants  are  chiefly  determined 
by  tbe  cortical  impressions  on  fragments  of  the 
stems,  as  the  entire  plants  are  never  found  in  the 
fossil  state.  Of  those  fossil  plants  which  are  ana- 
logous to  existing  famUies,  it  is  observed  that  they 
are  of  a  gigantic  size,  whicli  the  living  families  never 
attain,  except  in  tropical  climates. 

Both  vegetable  and  animal  fossil  remains  appear 
to  establish  the  fact,  that  there  has  been  a  successive 
progression  from  lower  to  higher  forms  of  organic 
structure,  from  the  most  ancient  geological  formations 
to  the  most  recent ;  or,  we  might  say,  from  less  to 
more  perfect  classes  and  orders.  We  must  not,  how- 
ever, measure  perfection  of  structure  in  animals  by 
complexity  of  form,  but  hy^  the  number  and  per- 
ftction  of  their  senses.  Animals  without  heads  and 
eyes,  or  the  free  power  of  locomotion,  such  as 
corallines  and  encrinites,  required  an  infinity  of  ten- 
tacula,  or  arms,  to  enable  them  to  feel  and  seize 
their  prey ;  but  this  multiplicity  of  limbs,  is  a  proof  of 
their  inferiority  to  the  classes  that  have  eyes,  and 
the  power  of  locomotion.  Some  species  of  caterpillars 
are  said  to  have  five  thousand  muscles  to  enable  them 
to  move  their  legs ;  but  a  comparatively  small  number 
suffkes  for  the  rapid  motion  of  birds  and  terrestrial 
quadrupeds.  If,  therefore,  we  estimate  perfection  in 
animal  life  by  the  number  and  perfection  of  the  organs 
of  sense,  and  in  vegetable  life  by  the  distinct  organisa- 
tion of  the  organs  of  fructihcation  and  reproduction, 
we  may  safely  admit  a  progressive  succession  from 
lower  to  higher  orders,  as  we  ascend  from  the  ancient 
to  the  most  recent  strata.  Of  this  fact,  organic  re- 
mains afford  a  mass  of  positive  concurrent  evidence, 
that  cannot  be  refuted  by  negative  arguments.  We 
are  told,  that  the  bed  of  the  sea  has  not  been  dredged. 
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to  discover  what  species  of  animals  have  existed  in 
former  ages.  The  geologist  can  have  no  need  of 
such  an  operation.   If  the  bottom  of  the  sea  has  not 

been  dredged,  it  has  been  laid  bare,  and  is  now 
exposed  over  an  extent  equal  to  that  of  the  habitable 
globe ;  tor  every  island  and  continent  has  formed 
part  of  an  ancient  bed  of  the  ocean,  and  that  not 
only  once,  but  repeatedly  and  at  distant  epochs. 
This  extended  surface  of  the  bed  of  the  ancient 
ocean,  is  exposed  to  the  examination  of  thousands  of 
observers  in  every  degree  of  latitude  not  covered  by 
polar  snows.  These  examinations  have  hitherto 
confirmed  the  position  (taken  with  certain  limit- 
ations) that  a  succession  of  higher  orders  of  cnrganic 
forms,  both  in  the  animal  and  the  vegetable  King- 
doms, may  be  traced  from  the  most  ancient  rocks  in 
which  these  remains  appear,  through  the  different 
classes  of  rock,  until  we  ascend  to  the  most  recent, 
which  contain  remains  of  animals  analogous  to  ex- 
isting species.  All,  or  nearly  all,  the  instances  that 
have  been  cited  of  animals  of  the  higher  classes  being 
found  in  ancient  strata  have  proved,  on  further  ex- 
amination, to  be  fallacious;  yet  when  we  consider 
what  disturbing  causes  have  acted  on  the  crust  of 
the  globe,  it  need  not  appear  surprising,  if  recent 
species  of  animals  should  sometimes  be  found  buried 
in  the  lower  rocks :  this,  however,  would  not  affect 
the  present  question.  It  must  be  admitted  that 
animal  remains  belonging  to  higher  divisions  some- 
times occur  among  ancient  strata,  where  they  were 
at  first  supposed  not  to  have  a  place;  but  these 
exceptions,  if  duly  considered,  strongly  confirm  the 
position  here  advanced.  Thus,  from  the  first  ap- 
pearance of  animal  remains  in  the  transition  series, 
to  the  termination  of  the  coal  measures,  comprising 
a  total  depth  of  several  miles  of  strata,  we  meet 
almost  exclusively  with  the  remains  of  the  two  lower 
animal  divisions,  the  moluscous  and  the  radiated; 
beds  of  vast  thickness  seem  wholly  composed  of 
their  calcareous  fragments.    It  has  been  found,  that 
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remains  of  the  vertebrated  class  occasionally  occur 

with  them  ;  but  these  remains  always  belong  to  the 
lowest  order,  fishes.  In  the  whole  of  the  secondary 
strata,  we  first  meet  witli  the  lowest  ortler  of  niam- 
malia,  cetaceous  animals;  thus  evidently  proving  that 
there  was  a  constant  progression  from  lower  to  higher 
forms  of  organic  structure,  whieh  terminated  with 
man.  The  subject  will  be  iarther  considered.  (JSee 
Chap.  XV.) 

The  concluaions  to  be  drawn  from  fossil  plants 
are  in  many  respects  less  satisfactory  than  those  from 
animal  remains,  because  fossil  plants  are  scarcely 
ever  found  entire ;  portions  of  the  stem,  leaves,  and 
in  some  instances  seeds  only  are  offered  to  our  ob- 
servations. The  cortical  impressions  on  the  stems  are 
longitudinally  stnated  and  jointed  like  reeds,  in  the 
family  of  the  equisetum.  In  plants  of  coniferae,  ly- 
copodia,  and  families  allied  to  them,  the  cortical  im- 
pressions are  rhomboidal  like  scales,  or  contain 
rounded  scars  or  impressions  made  by  the  footstalks 
or  petioles  of  leaves  growing  out  of  the  stem.  The 
stems  are  most  frequently  more  or  less  flattened,  ex* 
cept  in  the  coniferae  and  families  in  which  the  stem 
approached  to  a  woody  structure,  as  in  the  stigmaria, 
in  which  the  pith  is  always  discernible. 

In  fossil  vegetables,  the  original  vegetable  matter 
is  often  iBO  completely  removed,  that  no  trace  of 
it  is  visible,  ana  the  tftem  appears  converted  into 
ironstone,  sandstone,  or  chert.  In  some  instances, 
the  surface  of  the  stem  is  black  and  carbonaceous, 
and  all  the  inner  part  is  mineralised.  Sometimes, 
even  when  the  stem  is  completely  silicified,  the 
vegetable  organisation  is  still  perceptible,  and  some 
traces  of  the  vegetable  principles  may  be  obtained 
by  distillation. 

GEOLOGICAL  INFERENCES  FROM  FOSSIL  ORGANIC 

REMAINS. 

I.  If  an  extensive  rock  or  stratum  be  found  to 
contain  exclusively  the  remains  of  marine  animals. 
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we  may  safely  infer  that  such  rock  or  stratum  has 
been  ibrmed  or  deposited  at  the  bottom  of  an  ancient 
ocean,  whatever  may  be  its  present  elevation  above 
the  sea. 

If  such  marine  remains  are  occasionally  in- 
termixed  with  remains  of  terrestrial  vegetables,  we 
may  infer  that  there  was  dry  land,  covered  with  vege- 
tation in  the  vicinity^  at  the  epoch  when  the  stratum 
was  deposited. 

8.  If  the  stratum  contain  exclusively  the  remains 
of  fresh*  water  animals,  or  the  remains  of  land  animals 
or  plants,  we  infer  that  it  has  been  deposited  at  the 
bottom  of  a  fresh*water  lake,  or  in  the  bed  of  an 
extensive  river. 

4.  If  the  stratum  contain  an  intermixture  of 
marine  and  fresh-water  animals  or  plants,  we  infer 
that  it  was  deposited  in  an  estuary,  which  had  been 
alternately  covered  with  salt  and  fresh  water. 

5.  From  the  abiuidant  remains  of  fossil  vege- 
tables allied  to  tropical  plants,  found  in  various 

•  regions  remote  from  the  equator^  we  infer  that  the 
ancient  temperature  of  the  globe  was  much  higher 
tJian  at  present.  Fossil  animal  remains  also  tend  to 
establish  the  same  conclusion. 

6.  If  it  be  ascertained  that  some  strata  contain 
exclusively  certain  species  of  organic  remains,  and 
that  such  remains  are  neither  found  in  the  strata 
below  nor  abovt.',  \vu  are  enabled  to  identify  such  strata 
with  the  strata  iu  another  district,  that  coutaio  similar 
remains. 

0BS£aVATI0NS. 

Widi  respect  to  fimQ  conchology  the  author  is  inclined  lb 
believe,  that  the  attempt  to  identify  the  strata  of  distant  countries 
by  the  isolated  occurrence  of  any  particular'  species  of  shell,  has 
been  carried  farther  than  a  sound  induction  from  facts  or  analogy 
would  warrant.  His  opinion  on  this  subject,  given  in  the  second 
edition  of  this  work,  he  will  here  insert :  —  It  may  be  doubted 
whether  the  occurrence  of  simflar  otganic  remains  is  siidfficient  to 
identify  strata  in  distant  parts  of  the  riobe;  far  could  we  admit 
that  strata  are  unirefsal  rormatiflps,  and  extended  from  tlie  frozen 
to  tiie  torrid  aonc^  It  seems  more  than  probable^  that  the  animals 
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wiiidi  lived  on  an  j  one  partieuUur  stratum  would  be  of  very  dHfer enl 
ipecies  in  different  latitudes." — We  know  to  little  respecting  the 
forms  or  habits  of  the  animals  classed  by  the  concbologist*  that  we. 

are  far  from  certain  whether  many  shells  which  he  regards  as  be- 
longing to  ditterent  species,  or  even  genera,  arc  not  mere  varieties 
of  form,  occasioned  by  difference  of  age  or  situation.  Such  a 
diange  is  ascertained  to  take  place  by  age  in  shells  of  the  genus 

ui  animals  like  the  moUnscaf  wbidi  have  no  internal  skeleton  to 
determine  their  form,  the  construction  of  the  external  shell  may 
probably  admit  of  considerable  variation  under  a  change  of  circum- 
stiiTices.  Few  conchologists,  excepting  M.  D'Avilla,  have  made 
accurate  observations  on  tlie  living  animals  inhabiting  oceanic 
ahdb.  His  interesting  work,  entitled  » VHistoire  Naturelle 
idoMe  4amM  uns  dlf  m  oartks  j^  f  ncipalu,  la  Condkfiogiej  H 
ovepnentiB  dB  h  ZoomanHoM,  ou  R^pfumtalim  des  Ammmix  d 
coquiiles,  avec  teurs  Ejqmcations^  —  presents  us  with  some  truly 
extraordinary  forms  of  molluscous  animnlp,  of  which  we  could  OOt 
have  had  a  remote  notion  f  rom  the  nu  re  study  of  the  shell. 

In  strata  belonging  to  one  iorniatiou  in  adjacent  districts,  tiie 
iBistence  of  certain  shells  may  be  of  use  in  identifving  any  par. 
ticular  bed  where  its  continuity  with  other  beds  of  toe  same  kind 
cannot  be  traced ;  and  in  distant  countries  where  we  find  the  same 
remarkable  species  of  shell  associated  with  any  other  remarkable 
species  in  considerable  numbers,  it  may  serve  to  indentify  a  parti- 
C^llar  rock  formation,  where  the  mineral  character  of  the  rock  may 
be  very  different  i'roiu  tiiat  in  wlucii  the  observer  has  been  accus- 
tomed to  meet  with  them.  The  occurrence  of  a  considerable 
aomber  of  gryphiesy  the  Gryphaaaremaiai  in  a  bed  of  blue  dsy  in 
the  mountains  round  the  Laice  of  Annec^,  in  Savoy,  served  the 
author  as  a  key  to  discover  to  what  formation  the  calcareous  strata 
belonged,  when  their  mineral  characters  would  have  indicated  a 
more  ancient  series. 
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CHAP.  III. 

ON  THE  MINERAL  SUBSTANCES  THAT  COMPOSE 
THE  CRUST  OF  THE  GLOBE;  AND  ON  THE  STRUC- 
TURE OF  ROCKS. 

The  conttitttent  Elements  of  the  nmple  ftfineraiU  that  oompoee 

Rocks. — The  Physical  Characterg  or siinple  Minerals  composing 
Rocks.  —  Explanation  of  the  Terms  employed  hi  describing  the 
internal  Structure  of  Rocks,  and  the  external  Structure  of 
Mountain  Masses.  —  Sedimentary  Depositions. —  Distinction 
between  stratified  and  stratiform  Rocks.  —  Joints  in  Strata, 
called  Slinet  and  Cntten. 

The  most  careless  observer  can  scarcely  fail  to 

notice,  that  the  mineral  substances  which  occur  on 
the  sLirt'ace  of  the  globe  difler  from  eacli  other  in 
density,  hardness,  colour,  and  otiier  sensible  qualities. 
Indeed,  the  different  varieties  of  stone  appear  at  first 
so  numerous,  as  to  render  it  difficult  to  become 
acquainted  with  them:  but,  however  numerous  these 
varieties  may  be  thought,  the  simple  minerals  which 
compose  rocks  or  strata  are  very  few,  and  the  elemen- 
tary substances  of  which  each  of  these  minerals  is 
formed  are  Still  fewen* 

The  elementary  substances  of  which  the  solid 
matter  of  oui  globe  is  composed,  are  the  Earths^  — 

*  llie  mineralogist  and  the  geologist  consider  those  minerals  as 

simple  and  homogeneous,  which  present  no  difference  of  qualities 
to  our  senses  throughout  the  mass,  although  the  chemist  may  dis- 
cover that  such  minerals  are  composed  of  two  or  more  elementary 
substances.  Thus,  limestone  or  marble  is  regarded  as  a  simple 
•uhstanoe*  though  diemistry  has  discovered  that  it  contains,  in 
every  100  parts,  lime  57  parts,  and  carbonic  add  4S.  It  is  the 
latter  which  is  expelled  from  it  by  burning ;  a  process  which  is 
well  known  to  make  the  stone  lighter,  and  to  render  it  caustic ;  in 
which  state  it  is  called  quicklime.  Nor  do  the  researches  of  the 
chemist  end  here :  Uie  two  substances,  quicklime  or  pure  lime,  and 
carbonic  acid,  are  themselves  ooflBpoimds  s  the  former,  lime,  is 
a  compound  of  a  metallic  substance  called  caldum,  united  witfi 
oxygen ;  the  Jatter,  or  carbonic  acid«  is  composed  of  oxygen  and 
camn  or  charcoal. 
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j£fer,  ahtmifiet  Ume  and  magnemu  The  Meiabt  — 
iron  and  manganese.   The  It^mmMe  Principles,  — 

carbon  and  sulphur;  and  the  Alkalies^ — potash  and 
^o^/tf.  —  Murialic  and  Phosphoric  Acid  occur  also  in 
the  mineral  kingdom.  The  newly  discovered  earths 
and  alkalies,  and  metallic  ores  cannot  be  regarded  as 
forming  essential  constituent  parts  of  rocks  :  they 
chiefly  occur  in  veins.  The  four  earths  above  enumer- 
ated, together  with  iron,  compose  nineteen  parts  in 
twenty  of  the  known  solid  matter  of  the  globe.  The 
Earths,  when  pure,  are  infusible,  except  at  an  intense 
heat ;  they  are  nearly  insoluble  in  water  at  the  com- 
mon  temperature:  when  pure,  they  are  white  or 
colourless.  Though  the  earths  are  infusible  when 
pur^  if  they  are  combined  in  certain  proportions, 
they  may  be  fused  with  facility  at  a  comparatively 
low  temperature. 

8ile»t  or  SiBceous  Earthy  exists  nearly  pure  in 
large  masses,  forming  minerals,  and  even  entire 
rodcs,  as  rock  crystal,  quartz  rock,  and  flint :  it  com- 
municates a  great  degree  of  hardness  to  all  rocks 
or  stones  in  which  it  enters  in  a  large  proportion. 
Such  stones  are  denominated  Siliceous :  they  resist 
the  point  of  a  knife,  or  scratch  glass,  and  are  infusible 
if  unmixed  with  other  earths.  In  its  combinations 
with  other  earths,  Silex  appears  to  act  as  an  acid. 
More  than  one  half  of  the  crust  of  the  globe  is  com- 
posed of  siliceous  earth  either  pure  or  combined.  In 
some  thermal  waters,  siliceous  earth  occurs  either  in 
a  state  of  minute  division  or  in  solution ;  and  tlie 
waters  of  the  boiling  springs  or  geysers,  in  Iceland, 
4epo6it  siliceous  incrustations  of  considerable  thick* 

Alumkief  pure  aigillaceous  Earth,  (Lat  argilla, 
Fr.  argiHe,)  is  a  substance  which  in  a  mixed  state 
is  well  known,  but  pure  unmixed  clay  is  one  of  the 
rarest  substances  m  the  mineral  kmgdom«  This 

earth  is  soft,  smooth,  and  unctuous  to  the  touch ;  it 

strongly  absorbs  water  ;  where  it  exists  in  tlie  pro- 
portion of  thirty  per  cent.,  it  communicates  iu  sogi^ 
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degree  these  properties  :  such  rocks  are  called  argil- 
laceous;  they  generally  contain  a  notable  portion  of 
iron,  which  appears  to  have  a  greater  affinity  ior  this 
earth  than  for  any  other.* 

Lime  (Lat  co/r,  Fr.  chaus)  is  a  well-known  e^rth 
GombiDed  with  carbonic  acid,  in  which  state  it  forms 
limestone,  marble,  and  chalk:  these  only  di£kr  from 
each  other  by  difierent  degrees  of  hardness  or  of 
crystallisation.  Mountains  composed  of  lime  are 
denominated  calcareous.  When  lime  is  united  with 
sulphuric  acid,  it  forms  the  stone  called  gypsum, 
which  is  softer  than  limestone,  and  does  not,  like  it, 
efiervesce  with  acids.  Calcareous  earth  mixed  wit& 
common  clay  forms  marl. 

Magnesia  has  rarely  been  found  pure  in  a  native 
state.  It  enters  into  the  composition  of  some  of  the 
primary  rocks»  to  which  it  generally  communicates  a 
soapy  feel,  a  striated  or  striped  texture^  and  some- 
times a  greenish  colour.  It  occurs  also  in  various 
limestones  in  different  proportions. 

Iron  appears  to  be  more  abundant  than  magnesian 
earth  :  it  forms  a  constituent  part  of  numerous  rocks 
and  stones  ;  to  it  they  most  frequently  owe  their  co- 
lour :  the  earths,  when  pure,  are  white,  iron,  when  in 
combination  with  the  earths*  is,  like  them»  an  oxide» 
or  a  metal  united  with  oxygen.  To  the  presence  of 
iron  the  increase  of  specific  gravity  in  all  stones  or 
earthy  minerals  may  be  attributed,  if  it  much  ex- 
ceec}  S*5,  or  approach  5  c  in  other  words,  if  they  are 

*  Though  alumine  or  pure  dajr  ooflnmunicates  a  soft  <i<uiU^  to 

most  stones  of  which  it  forms  a  principal  constituent  part,  a  very 
remarkable  exceptioi)  to  this  is  offered  in  adamantine  spar  and  the 
sapphire,  wliich  nearly  equal  the  diamond  in  liardness.  Klaproth, 
one  of  the  most  laborious  and  eminent  chemists  of  tiie  present  age, 
has  analyied  these  stones :  the  former  contains  90  parts  in  the  100 
of  pure  day ;  the  latter  95  parts  id  the  same  quantity.  «  What  a 
higli  d^ee  of  cohesive  poirer  (he  observes)  must  nature  com- 
mand, to  be  able  to  transform  such  a  common  substance  as  clay 
(aluminous  earth)  into  a  body  so  eminently  distinguished  and  en- 
nobled as  the  sapphire  by  its  hardness,  brilliancy,  and  its  resistance 
to  the  action  of  fire,  of  acids,  or  the  effects  ot  all-destrojing  time!'' 


£L£M£NTAaY  SUBSTANCES. 


51 


nearly  three  times  heavier  than  an  equal  bulk  of  water. 
Gems  and  the  earths  barytes  and  stroDtian  are  ex- 
ceptions ;  but  these  never  form  entire  rocks.  The 
presence  of  iron  not  only  increases  the  weight,  and 
darkens  the  colour  of  numerous  rocks  and  stones^ 
but  is  one  principal  means  of  their  decoropoBition» 
for  iron  exists  in  stones  in  two  states  of  oxygenation, 
as  the  black  or  the  red  oxide  ;  and  when  the  former 
is  exposed  to  air  and  moisture,  it  absorbs  a  greater 
portion  of  oxygen,  and  is  converted  into  a  brown 
ochrey  incrustation,  which  peels  off)  and  exposes  a 
fresh  surface  of  the  stone  to  a  similar  process. 

Manganese^  in  a  state  of  oxide»  occurs  in  a  few 
rocks,  to  which  it  generally  communicates  a  dull 
reddbh  colour  inclining  to  purple  and  a  peculiarly 
diy  and  burnt-like  appearance,  - 

Sulphur^  though  foUnd  in  considerable  masses,  can- 
not  by  itself  be  regarded  as  a  constituent  part  ot 
rocks  ;  but  when  it  is  combined  with  oxygen  forming 
sulphuric  acid,  it  unites  with  lime,  and  forms  the 
well-known  mineral  gypsum  or  plaster  stone. 

CarboUy  or  Charcoal,  enters  as  a  constituent  part 
into  many  of  the  slate  rocks,  to  which  it  generally 
communicates  a  dark  colour;  it  ibrms  also  regular 
beds  of  considerable  thickness,  being  the  principal 
constituent  part  of  coal.  Carbon,  combined  with 
oxygen,  forms  carbonic  acid  or  fixed  air,  which  is 
combined  and  solidified  in  all  limestone  rocks  in  a 
proportion  exceeding  two  fifths  of  the  whole  weight. 
As  carbon  exists  in  such  a  large  proportion  in  even 
the  oldest  limestones,  we  may  regard  it  as  a  consti- 
tuent element,  and  not  as  a  substance  derived  from 
the  vegetable  kingdom.  For  whence  did  the  vege- 
tables themselves  derive  their  carbon  ? 

Poiass  and  ^odiii.— These  alkalies  occur  in  mine- 
lals  which  compose  parts  both  of  primary  and  vol- 
caniic  rocks ;  but  the  proportion  is  so  small,  that  they 
would  scarcely  deserve  the  attention  of  the  geologist, 
did  not  the  latter  alkali,  soda,  exist  in  such  abundance 
in  the  waters  oi'  ihe  ocean  and  in  rock  salt  Pure  sea 
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salt,  or  rock  salt,  contains  nearly  o3i  parts  of  soda, 
464  muriatic  acid  or  chlorine. 

Murialic  acid,  combined  with  soda,  is  the  only  state 
in  which  this  acid  tbrins  a  constituent  part  of  aoy 
rocks  we  are  yet  acquainted  with ;  except  in  some 
volcanic  rocks,  where  it  may  be  regarded  as  acci- 
dental. 

Phosphoric  acid,  combined  with  calcareous  earth, 
is  a  principal  constituent  of  animal  bones :  it  occurs 
also  in  a  few  limestone  beds,  which  are  supposed  to 
have  derived  phosphoric  acid  from  the  decomposition 
of  animal  matter.  This  acid  is  of  very  rare  occurrence 
in  the  mineral  kingdom. 

The  above  elementary  substances,  either  separately 
or  combined,  £oxm  all  the  simple  minerals  of  which 
rocks  are  composed.  A  knowledge  of  these  minerals, 
and  their  different  intermixtures  and  combinations, 
can  only  be  learned  by  an  examination  of  specimens : 
they  are,  however,  m  from  being  numerous;  and  a 
short  description  of  each  is  necessary  in  an  introduc- 
tory tieatise. 

The  most  important  simple  minerals  composing 
rocks  are  quartz,  felspar,  mica,  talc,  chlorite,  horn- 
blende, scr})entine,  limestone,  and  slate. 

Quartz  is  one  of  the  hardest  minerals  of  which 
mountain  masses  are  composed:  it  gives  plentiful 
sparks  with  steel  \  it  breaks  with  a  smart  stroke  of  the 
hammer ;  the  surface  of  the  fracture  in  crystallised 
quartz  is  conchoidal,  in  uncrystallised  splintery: 
tne  lustre  is  vitreous.  Crystals  of  quartz,  or  rock 
crystals,  as  they  are  commonly  denominated,  have 
different  degrees  of  transparency  :  the  blue  varieties 
are  amethysts.  The  most  conniion  forms  of  the 
crystals  are  six-sided  prisms  terminated  by  six-sided 
pyramids  ;  or,  two  six-sided  pyramids  united,  forming 
a  dodecahedron,  whose  faces  are  isosceles  triangles. 
Uncrystallised  quartz  is  seldom  transparent,  most 
frequently  translucent,  but  sometimes  opaque.  Its 
colours  are  various  shades  of  white,  grey,  brown, 
yellow^  red,  and  green.   It  yields  a  phosphorescent 
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light  and  peculiar  odour  when  rubbed.  Quartz  is 
composed  of  siliceous  earth,  combined  with  a  very 
small  portion  of  alumine.  It  is  infusible  when  un- 
mixed, bat  with  alkalies  it  melts  easily,  and  forms 
the  well-known  substance  called  glass.  It  is  not 
acted  upon  by  any  acid  except  the  fluoric.  Quartz 
exists  in  veins  intersecting  mountains,  and  it  some- 
times  fbrms  large  beds,  and  even  entire  mountains, 
which  are  composed  of  this  mineral  in  grains  united 
without  a  cement,  called  granular  quartz..  Fragments 
or  crystals  of  quartz  arc  common  in  compound  rocks. 
Grains  of  quartz  ibrm  a  piincipal  constituent  part  of 
most  sandstones.  The  milk  white  pebbles  in  gravd 
are  composed  of  quartz.  Flint,  chert  or  homstone, 
opal,  chalcedony,  and  agate,  are  difierent  modifica^ 
tions  of  siliceous  earth,  which  in  their  chemical  com* 
position  difier  little  fh>m  quartz.  Combined  with  a 
large  portion  of  alumine  and  iron,  quartz  loses  its 
transhicency  and  passes  into  jasper,  wliich  forms  beds 
in  primitive  mountains,  and  is  said  to  compose  the 
substance  of  entire  ranges  of  mountains  in  Asia. 

Felspar  or  Jcld-spar  (a  name  received  from  the 
Germans)  is  a  constituent  part  of  numerous  rocks. 
It  is  hard  in  a  somewhat  less  degree  than  quartz, 
and  is  more  easily  broken.  It  is  laminar,  or  com- 
posed of  thin  laminae  or  nlates,  by  which  it  may  be 
generally  distinguished  from  quartz*  The  crystals 
are  most  commonly  four-sided  or  six-sided  prisms, 
whose  length  is  greater  than  the  breadth.  It  has  a 
shining  lustre.  The  colours  are  white,  grey,  milk- 
white,  yellowish  or  reddish  white,  sometimes  inclin- 
ing to  green.  The  red  passes  through  various  shades, 
li-orn  a  pale  to  a  deep  red.  Crystallised  felspar  is 
translucent.  It  may  be  melted  without  the  admix- 
ture of  alkalies,  and  forms  a  glass  more  or  less  trans- 
parent, which  quality  it  derives  from  the  lime  or 
alkali  that  composes  part  of  its  constituent  ingre- 
dients ;  but  different  specimens  of  this  mineral  vary, 
according  to  the  analyses  of  the  same  chemist. 
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Silex    -    .    -63  —  74 
Alumine    -  -17—14 
Potaih  .  •  .  18  — 
Ume     «   •   •   8  6 
Oxide  of  iron  -   1  — 
Lots  •    •    •  S —  6 

Othen  give  the  prwortion  of  silex  46,  alumine 
lime  6. 

The  existence  of  potash,  or  the  vegetable  alicali,  in 
felspar,  is  a  fact  deserving  particular  attention.*  It 
may  be  owing  to  this  circumstance  that  felspar  is  so 

frequently  observed  in  a  soft  or  decomposing  state, 
although  its  hardness  is  little  intierior  to  that  of  quartz 
when  undecayed.  Those  felspars  which  are  durable 
are  probably  free  from  potash.  Felspar  occurs  in 
many  rocks  in  a  compact  form;  constitutes  the  prin- 
cipal part  of  most  porphyries,  and  of  the  lighter- 
coloured  lavas.  Compact  felspar  differs  from  horn- 
stone,  the  latter  being  infusible  without  the  addition 
of  aUudies* 

Mica  derives  its  name  from  the  Latin  mkans, 
glittering.  It  is  known  as  the  substance  called  Mus- 
covy glass,  and  has  a  splendid  lustre.  It  consists  of 
very  thin  leaves  or  laminae,  which  may  be  easily 
separated  with  a  knife.  The  plates  are  elastic,  by 
which  it  mav  be  distinguished  from  the  mineral 
called  talc,  'the  thin  j)lates  are  transparent.  The 
colours  of  the  ^hick  plates  are  yellow,  grey,  blackish 
green,  white,  and  brown.  The  sur&ce  may  be 
scratched  with  a  knife :  it  melts  into  an  enamel  with 
the  blowpipe :  it  is  sometimes  crystallised  in  six-sided 
prisms. 

Talc  nearly  resembles  mica  in  appearance.  The 

*  It  has  recently  been  discovered,  thst»  in  some  of  the  fehmnthic 
rocks,  soda  occupies  the  place  of  potash,  and  gives  a  d%ht  <miaig« 
to  the  crystalline  form:  this  vanety  some  mineralogists  are  de- 
sirous of  making  a  new  species,  and  have  proposed  to  give  it  the 
name  of  Cleavelandiie ;  but  geology  and  mineralogy  are  already  too 
much  burdened  with  unmeaning  terms,  and  if  a  new  name  must  be 
introdoced,  that  of  felsparite  would  be  more  appropriate^  and  con- 
▼cy  an  idea  of  its  approxtmation  to  felspar. 
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plates  are  flexible,  but  not  elastic :  it  is  much  softer 
than  mica,  and  is  infusible ;  its  coloure  generally 
incline  towards  green,  but  it  is  sometimes  a  silver 
white:  it  has  a  soupy  t'eel.  Chlorite^  which  is  nearly 
allied  to  talc,  derives  its  name  from  chloros^  the 
Greek  word  signifying  green.  Talc  and  ciilorite 
pass  by  insensible  gradations  into  each  other,  and  in 
this  state  they  supply  the  place  of  mica  in  most  of 
the  granitic  rocks  that  I  have  examined  in  the  vi- 
cinity of  Mont  Blanc.  Chlorite  is  of  a  darkish  dull 
green  colour;  it  has  a  glistening  lustre;  its  structure 
is  minutely  foliated;  it  is  soft,  and  rather  unctuous. 
The  constituents  of  these  three  minerals  are,  — 


Mica.      Talc  Chlorite. 


Sites    -    .  . 

-  50 

e2 

41 

Alumtne    •  • 

35 

3 

6 

Lime    -   •  • 

.  1 

1 

Magnesia    -  • 

-  8 

87 

40 

Oxide  of  Iron  - 

-  6 

8 

10 

Water,  and  loM 

-  6 

6 

2; 

but  these  proportions  vary  in  different  specimens. 

Hornblende,  to  which  the  French  give  the  name  of 
amphilH>le9  forms  a  constituent  part  of  many  rocks, 
and  appears  to  connect  the  primary  with  those  which' 
are  of  volcanic  origin.  It  is  of  a  black  or  dark  green 
colour:  it  is  heavier,  but  less  hard,  than  quartz  or 
felspar :  it  may  be  scratched  with  a  knife,  and  the 
colour  of  the  streak  is  a  light  green  :  it  yields  a  bitter 
smell  when  breathed  upon,  aiul  melts  easily  into  a 
black  glass.  Common  hornblende  is  often  confusedly 
crystallised:  it  sometimes  forms  entire  mountains,  or 
slaty  beds  in  mountains,  and  is  veiy  commonly  met 
with  in  granular  pieces  as  an  ingredient  in  compound 
rocks:  when  it  becomes  more  abundantly  and  mi- 
nutely disseminated  in  them,  it  forms  what  are  deno- 
minated trap  rocksi  whose  origin  has  greatly  divided 
the  opinions  of  geologists.  Hornblende  and  the 
rocks  to  which  it  is  most  nearly  allied  contain  as 
under : — 

s  4 
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Silex  ... 

-  42  — 

44 

Alumine  -  . 

-    8  — 

16 

Magnesia 

-  16  — 

2 

Lime 

-    9  — 

9 

Oxide  of  iron 

-  23  — 

20 

Soda     -  - 

Manganese 

-  1 

Water  and  loss 

Hornblende.    Basalt.         Obsidian,  or  j^^^ 

volcanic  glass. 

—  72       —  49 

—  12      —  35 

—  sometimes  4 

{2  with  man.  12 
ganese. 
6  with  potash. 


Another  mineral  substance,  called  serpentine,  from 
its  spotted  colours  resembling  the  serpent's  skin,  will 
afterwards  be  described  as  forming  entire  rocks :  it 
differs  in  composition  from  hornblende  by  having  a 
larger  portion  of  magnesia  and  less  iron ;  it  may 
perhaps  be  regarded  as  an  intimate  combination  of 
hornblende  with  talc  or  chlorite.  Its  component 
parts,  as  given  by  different  chemists,  are  as  under  :  — 

Silex    -    -    -    -  45  —  29  —  45 
Alumine  -    -    .18  —  23 
Magnesia  -    .    -  23  —  34  —  33 

Iron    -    --    -3  —    4  —  14.  with  a  trace  of  alumine. 
Lime  ....      —       —  6 
Water  and  loss  -  11  _  10  —  8 

From  these  analyses  it  is  evident  that  the  speci- 
mens vary  in  their  component  parts;  in  some,  the 
proportions  are  almost  the  same  as  in  hornblende ;  in 
otliers,  they  more  nearly  agree  with  talc  and  chlorite. 

The  intimate  connection  between  hornblende  and 
serpentine  is  now  completely  established ;  for  horn, 
blende  is  observed  to  be  changed  into  serpentine  by 
contact  with  limestone  in  various  situations.  Ser- 
pentine sometimes  occurs  crystallised,  and  has  re- 
ceived the  name  of  diallage. 

Limestone  (Carbonate  ojr Lime\  however  various  in 
external  appearance  it  may  be,  is,  if  pure,  essentially 
composed  of  57  parts  of  lime,  and  43  carbonic  acid ; 
but  in  some  rocks  the  limestone  is  intermixed  with 
magnesia,  alumine,  silex,  or  iron.  The  specific  gra- 
vity of  limestone  varies  from  2*50  to  2*80.  All  lime- 
stones  may  be  scraped  with  a  knife.     They  are 
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infusible ;  biit  when  impure  by  an  intermixture  with 
a  portion  of  other  earths,  they  vitrify  in  burning. 
All  limestones  effervesce  when  a  drop  of  strong  acid 
is  applied  on  the  surtkce  ;  and  they  dissolve  entirely 
in  nitric  or  muriatic  acid.  The  specific  gravity,  hard- 
ness, and  effervescence  with  acids,  taken  collectively, 
distinguish  limestone  from  all  other  minerals. 

CnfiiaUited  Carbonate  ijf  lame  (CJaicareom  Spar) 
occurs  crystallised  in  a  great  variety  of  forms;  the 
oystals  break  easily  witn  the  stroke  of  a  hammer, 
and  the  fragments  are  always  rhomboidaL 

Vast  mountains  and  extensive  strata  of  limestone 
cover  a  large  portion  of"  many  countries.  The  va- 
rieties of  limestone  will  be  described,  as  the  rocks 
occur  in  the  primary  or  secondary  series.  The  dif- 
ferent appearance  of  statuary  ma rhle  and  chalk  is 
well  known  to  every  one.  They  are  only  difierent 
modifications  of  limestone,  and  are  chemically  the 
same.  Magnesian  limestone,  sometimes  called  Do> 
lomtte^  possesses  most  of  the  physical  characters  of 
oommcm  limestone  but  contains  various  proportions 
of  magnesia. 

Gypstmij  or  Sulphate  of  Lime^  is  far  less  abundant 
than  carbonate  of  lime ;  but  it  forms,  in  some  situ- 
ations, beds  of  considerable  thickness  and  extent. 
Gypsum  is  generally  of  a  colour  inclining  to  vvliite, 
and  is  sometimes  snow-white.  Common  gypsum  has 
a  laminated  or  granular  structure,  and  is  sometimes 
compact*  It  is  much  softer  than  common  limestoDe» 
and  inaj  be  scratched  with  the  nail :  it  does  not 
eflervesce  widi  adds.  Crystallised  gjrpsum  has  the 
properties  of  common  gypsum;  it  is  frequently  called 
selenite.  The  constituent  parts  of  gypsum  are  lime 
3^^•7,  sulphuric  acid  46*3,  and  water  5^1.  A  variety  of 
gypsum  which  has  no  water  in  its  composition,  and 
hence  called  anhydrous,  occurs  in  beds  ui  the  Savoy 
Alps  ;  it  is  there  combined  with  siliceous  earth.  It  is 
much  harder  than  common  gypsum,  and  even  than 
common  limestone.  The  specitic  gravity  ot  common 
gypsum  varies  from  12*16  to       ^  that  of  anbydrous 
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g}T)sum  is  from  2*80  to  2«90.    Gypsum,  under  the 
name  of  plaster  stone,  is  a  mineral  generally  known. 

Slate,  improperly  called  by  some  geologists  clay- 
slate,  and  by  the  old  geologists  argillaceous  schistus, 
is  well  known,  —  at  least  the  common  variety  used 
as  roofing  slate,  which  may  be  regarded  as  the  purest 
form  of  this  mineral. 

The  prevailing  colours  of  slate  are  bluish  or 
greeuish  grey :  it  has  a  silky  lustre.  Slate  rocks 
have  frequently  a  distinct  slaty  structure,  and  may 
even  be  split  in  two  directions,  which  have  an  acute 
angle  with  each  other ;  but  some  slate  rocks  have  a 
compact  structure,  and  will  not  admit  of  s})litting. 
Slate  yields  to  the  knife:  it  is  fusible  into  a  black 
slag.  The  composition  of  slate  is  various  :  indeed, 
by  many  geologists  it  is  not  regarded  as  an  homo- 
geneous rock.  Its  composition  has  been  given  as 
under  :  —  Silex  48,  alnmine  23,  manganese  1*6, 
oxide  of  iron  11*3,  oxide  of  manganese  0*5,  potass 
4«7>  carbon  0*3,  water  7*6.  The  quantity  of  carbon 
increases  in  the  upper  formations  of  date,  and  it 
passes  by  a  greater  admixture  of  carbon  into  a  soft, 
dark,  slaty  bed,  denominated  shale  by  the  English 
miners.  Slate  is  a  very  extensive  formation,  com- 
posing entire  mountains  in  many  alpine  districts. 

Basalt  and  compact  lavas  are  classed  by  some 
mineralogists  with  simple  minerals,  but  they  are 
composed  of  three  or  more  simple  minerals  closely 
united :  —  they  will  be  afterwards  described. 

Some  of  the  minerals  here  enumerated  compose 
entire  rocks ;  other  rocks  are  composed  of  an  inter-  . 
mixture  of  two  or  more  simple  minerals,  either  ce- 
mented together  by  another  mineral  substance,  or 
the  minerals  are  crystallised  and  united  without  a 
cement.  The  different  modes  in  which  simple 
minerals  are  found  united  together  in  rocks  iiave 
given  rise  to  the  following  terms:  — 
Graiiiticj  composed  of  grains  or  crystals  united  with- 
out  a  cementi  as  in  granites^  and  some  sand* 
stones. 
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Forphy7'itic^  composed  of  a  compact  homogeneous 
rock,  in  which  distinct  crystals  or  grains  are 
imbedded.  The  compact  stone  is  called  the 
base^  and  sometimes  the  paste.  The  base  of 
some  porphjnitic  rocks  is  granitic;  in  this  case 
some  of  the  crystals  are  much  larger  than  the  rest 

AmygdaUAdaU  containing  rounded  or  kernel-shaped 
cavities  filled  with  mineral  matter  of  a  different 
kind. 

Brtccia  is  composed  of  angular  fragments  of  rocks 

cemented  together. 
Pudding-stone  consists  of  rounded  stones  imbedded 

in  a  paste.* 

Fragments  of  stone  broken  from  simple  rocks  dis- 
play the  structure  of  the  internal  parts*    The  face 
the  broken  part  is  called  the  fracture.   This  in* 
temal  structure  may  be  denominated  the  mineral 
8tnictare»  and  is  either 

Compacif  without  any  distinguishable  parts  or  di- 
visions; or 

Earthy  J  composed  of  minute  parts  resembling  dried 
earth. 

Granular^  composed  of  grains. 

Fibrous^  composed  of  long  and  minute  fibres. 

Uadiated^  when  the  fibres  are  broader  and  flattish, 

and  diverging. 
LameUar,  or  Fotiated^  composed  of  minute  plates 

laid  over  each  other. 
PonmSf  penetrated  by  pores. 
Cellular^  or  Veikular^  when  the  pores  swell  into 

rounded  cavities,  like  bladders,  as  in  some  lavas. 
Slaty,  or  Laminar,  composed  of  straight  parallel  thin 

plates,  or  laminas. 
The  structure  of  compound  rocks  may  also  be 
Slaty. 

The  external  structure  of  rocks  en  masse,  or  con- 
sidered as  mountain  masses^  is  as  distinct  from  their 

•  When  fragments  of  stone,  whether  angular  or  rounded,  are 
large,  and  are  imbedded  In  strata  of  indurated  clay,  sand,  or  sand- 
•tone,  they  wt%  csUed  Om^onunUm 
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internal  mineral  structure,  as  the  shape  of  a  building 

from  tliat  of  the  bricks  or  stones  of  which  it  is  com- 
posed J  though  this  distinction  lias  been  generally 
overlooked.  The  external  structure  of  rocks,  as 
forming  mountain  masses,  may  be 

Stratified. 

Stratifomu 

Tabular^  or  in  large  plates. 
CoUmnar. 

'  Ghbulatt  or  in  spherical  masses. 
Massive,  or  Indeterminate^  which  includes  all  un- 
stratified  rocks  that  have  no  determinate  shape. 

Stratified. —  Stratified  mountains  or  rocks  are  those 
which  are  comj)osed  of  hi)  crs  of  stone  laid  over  eacli 
other,  and  divided  by  parallel  seams  like  the  leaves 
of  a  closed  book.  In  these  seams  or  partings,  which 
divide  the  strata,  there  are  frequently  thin  lamina^  of 
soft  earthy  matter;  but  sometimes  the  surtaces  of 
the  upper  and  lower  stratum  are  so  closely  joined, 
that  it  requires  a  considerable  force  to  separate  them. 
These  layers  are  denominated  strata  :  they  extend 
through  the  whole  mountain  or  mass,  their  length 
and  breadth  being  much  greater  than  their  thicknesa. 
If  the  thickness  of  any  stratum  exceed  two  or  three 
yards,  it  is  more  usually  denominated  a  bed ;  and  if 
it  lie  between  beds  ot  stone  of  a  different  kind,  it  is 
said  to  be  imbedded.  Strata  ahnosl  always  decline, 
or  dip  down  to  some  point  of  the  horizon,  and  of 
course  rise  towards  the  opposite  point.  A  line 
drawn  through  these  points  is  called  the  line  of  their 
dip:  another  line,  drawn  at  right  angles  to  this, 
marks  the  course  along  which  the  strata  stretch  out 
to  the  greatest  extent :  i(  is  called  the  line  of  bear- 
ing. If  a  book  be  raised  in  an  inclined  position, 
with  the  back  resting  lengthwise  upon  the  table,  the 
leaves  may  be  supposed  to  represent  difierent  strata; 
then  a  line  descending  fiom  the  upper  edges  to  the 
table  will  be  tlie  line  of  dip,  and  their  tlirection 
lengthwise  will  be  the  line  of  bearing ;  and  the 
angle  they  make  with  the  table  will  be  the  angle  of 
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inclination.  Strata  are,  however,  sometimes  curved 
or  bent  in  both  directions,  and  are  frequently  broken  ; 
which  makes  it  diiiicult  to  ascertain  their  true  posip 
tion. 

Stratified  rocks  of  sandstone,  and  beds  of  clay  and 
marl,  are  generally  admitted  to  have  been  de^ 
posited  by  the  turbid  waters  of  the  sea,  or  of  large 
rivers  or  lakes.  These  sedimentory  depositions  are 
arranged  over  each  other  in  regular  layers ;  the  par- 
ticles or  liagnients  of  which  they  are  composed  vary 
in  size,  and  indicate  the  different  states  of  agitation 
or  repose  of  the  waters  from  which  they  were  depo- 
sited.  Some  strata  appear  to  have  been  formed  by 
ciiemicai  precipitation ;  and  not  uuf  requently  che- 
mical precipitation  and  sedimentary  deposition  have 
taken  place  at  the  same  time,  and  produced  rocks  of 
a  mixed  character. 

Strat^brm.  —  This  structure  has  been  considered 
synonymous  with  the  stratified,  but  it  will  be  useful 
to  distinguish  between  them.  Many  masses  of  rock, 
wliich  are  evidently  of  igneous  origin,  occur  divided 
into  parallel  planes,  by  seams  or  divisions  which  re- 
semble those  in  regular  strata ;  such  planes  have  not 
been  superimposed  in  succession,  but  are  the  result 
oi  rei'rigeration,  or  of  a  ci  ystaliine  arrangement  of  the 
mass.  Many  unstratified  rocks  present  m  some  parts 
a  tendency  to  the  stratiform  structure,  and  nave 
given  rise  to  much  controversy,  as  the  stratified 
structure  was  once  universally  believed  to  be  the 
result  of  successive  sedimentary  depositions.  The 
distinction  between  stratified  and  stratiform  the 
yuung  geologist  will  do  well  to  bear  in  mind. 

Tile  Tabular  structure  consists  of  parallel  plates 
of  rock,  separated  i)y  regular  seams.  This  structure 
has  often  been  conibunded  with  stratification :  it  ap- 
pears to  be  the  result  of  crystallisation,  and  is  closely 
allied  to  the  columnar  structure. 

The  Columnar  or  Prismatic  structure  is  peculiar 
to  certain  rocks,  but  chiefly  occurs  in  the  basaltic 
and  volcanic  class.   Thick  beds  are  divided  into 
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columns  or  prisms,  which  are  most  generally  oeo- 
tagonal.    They  sometimes  form  vast  ranges  or  na* 

tural  columns,  as  at  Stafik,  the  Giant's  Causeway  in 
Ireland,  and  in  many  volcanic  countries.  Sometimes 
the  prismatic  structure  may  be  observed  forming 
detached  groups  of  columns  and  prisms :  a  group 
of  columns  on  Cader  Idris  will  be  subsequently 
described.  A  group  of  basaltic  columns,  of  similar 
form,  and  equally  perfect,  was  observed  by  the  au-  . 
thor  on  the  side  of  the  volcanic  mountain  called 
Gravenaire^  in  Auvergne^  at  a  small  distance  firom 
the  craten 

The  Globular  structure  consists  of  globular  masses, 

either  detached  or  imbedded  in  rocks  of  the  same 
kind:  they  are  frequently  composed  of  conceutric 
layers. 

The  terms  Massive  or  Indeterminate  may  be  ap- 
plied to  all  unstratiticd  rocks  that  have  no  regular 
divisions.  Many  of  the  primary  rocks,  such  as  gra- 
nite porphyry,  and  serpentine,  occur  in  masses  of 
enormous  thickness,  which  are  broken  by  irregular 
fissures  in  every  direction.  Thick  currents  of  lavat 
which  have  filled  up  hollows  or  valleys,  are  also  in« 
determinate,  as  might  be  expected  from  their  mode 
of  formation.  Sometimes  rocks  of  granite  and  por- 
phyry, and  also  of  compact  lava,  present  either  a 
tabular  or  a  columnar  structure ;  but  the  structure  is 
seldom  so  regular  as  in  basaltic  rocks. 

OBSEKVATIOMS. 

Besides  die  diflbeni  modes  of  stnictore  here  enumerated*  it  is 
well  Iniown  to  quarry-men,  that  almost  all  beds  of  stone  contain 
cracks  or  joints,  which  cross  the  stone  in  transverse  directions, 
more  or  less  regular.  These  joints  appear  in  some  cases  to  result 
from  mechanical  pressure,  in  other  uistances,  where  the  faces  of 
the  joints  are  smooth,  they  may  have  been  caused  by  contraction 
of  the  stone,  combined  with  a  tendency  to  crystalline  arrangemeDt. 
Id  some  of  the  sand-stone  strata,  in  the  Ashbjr  de  la  Zoudi  ooal>field 
I  have  seen  the  joints  occasionally  coated  with  thin  lamime  of  lead 
ore,  ffolemu  Beds  of  coal  are  divided  by  transverse  joints  cdled 
iifast  and  euUtrs,  into  rhomboidal  masses. 
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CHAR  IV, 

ON  STRATIFICATION,  AND  THE  RELATIVE  POSITION 

OF  ROCKS. 

Strata  and  Geological  Formations  explained.— Varioua  aiipear^ 
anees  presented  by  plane  Strata. —  Appearances  presented  by 
curved  Strata,  and  Errors  respecting  them.  —  Distinction  be- 
tween Strata  Seams  and  Natural  Fissures  or  Cleavages.  —  On 
the  confonnable  and  unconformable  Positions  of  stratified  and 
ujiatratified  Kocks.  —  The  Continuity  of  stratified  Rocks  broken 
hy  Valleys. — Longitudinal  Valleys.  —  Transverse  Valleys.— 
lateral  Valleys.  — Denudations.  —  On  the  Elevation  of  Moun* 
tains  and  Mountain  Chains.  —  On  the  Direction  of  Mountain 
C I la ins  in  the  new  and  old  Continents.  —  On  vertical  Beds  in 
Mountains.  —  On  the  Devastation  in  Alpine  Districts.  —  On  the 
Passai^es  in  the  Alps  called  Cols ;  and  Observations  respecting 
their  Formation.  —  Diiferent  Ages  of  Mountain  Kangcs. 

When  we  have  ascertained  what  are  the  most 
common  or  prevailing  rocks  in  a  part  of  any  coun- 
try, and  observed  that  any  one  stratum  or  rock 
which  attracts  our  attention  is  in  that  part  of  the 
country  invariably  covered  by  a  peculiar  rock  or 
stratum  of  a  different  kihd»  or  invariably  covers  an^ 
particular  stratum ;  we  hence  learn  that  there  is 
a  certain  order  of  superposition,  and  we  naturally 
feel  desirous  to  know  whether  the  same  order  is 
pbservable  in  every  country  where  similar  rocks 
occur.  Thus,  in  the  vale  of  riiamcs  round  London, 
there  is,  at  the  depth  of  a  i'cw  feet  under  the  surface, 
a  dark-coloured  clay,  called  London  Clay,  much 
intermixed,  in  the  lower  part,  with  beds  of  sand. 
If  we  bore  through  this  clay,  we  shall  find  its 
average  thickness  to  be  nearly  300  feet.  When  we 
lave  pierced  through  this,  we  invariably  come  to 
chalk  *  ^  and  were  we  to  continue  to  bore  in  the 

*  The  lower  clay  is  by  lome  geologifft  denomniatedplaeticclay. 
See  Chap.  XIV. 
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chalk,  after  piercing  through  many  hundred  feet 
of  that  rock,  we  should  come  to  a  stratum  of  sand  or 
sandstone  filled  with  green  particles,  and  hence 
called  Green  Sand. 

The  observer  who  had  confined  his  reseaches  to 
this  part  of  the  countrj:  only,  would  form  a  very 
erroneous  conclusion,  were  he  to  infer  that  the  outer 
crust  of  the  globe  was  invariably  composed  of  Loo- 
don  clay,  chalk,  and  green  sand.  But  wbereyer 
similar  beds  occur  together,  they  lie  in  the  same 
order  of  superposition  over  each  other.  Thus  the 
London  clay  is  never  found  under  the  chalk  or  the 
green  sand. 

But  it  is  not  always  necessary  to  bore  through  the 
upper  beds  to  ascertain  this  order ;  for  the  different 
strata  scarcely  ever  occur  in  a  flat  or  horizontal 
position :  they  generally  rise  in  a  certain  direction, 
and  come  to  the  sniface,  as  represented  in  the  section 
Plate  I.  fig.  1.  Now,  by  travelling  over  the  strata 
from  A  to  B,  we  come  upon  the  outer  edges  1^  %  8, 
and  may  trace  their  order  of  succession  as  they  rise 
from  under  each  other.  In  ravines  and  the  escarp- 
ments of  mountains,  and  in  the  cliffs  on  the  sca-coast, 
we  are  also  enabled  to  trace  the  position  and  order 
of  succession  of  rocks.  But  to  do  this  with  tolerable 
correctness,  we  must  have  an  accurate  knowledge  of 
stratification  in  all  its  various  possible  forms.  How- 
ever simple  the  principles  of  stratification  may  at 
first  appear,  this  knowledge,  when  appbed  to  practice^ 
is  not  of  such  easy  attainment  as  some  may  imagine ; 
and  for  want  of  it,  geologists  of  considerable  eminence 
have  fallen  into  the  most  egregious  errors.  A  know- 
ledge of  stratification  is  indeed  of  far  greater  import- 
ance to  the  practical  gcologibl,  than  an  acquaintance 
with  the  minutia?  of  mineralogy  or  conchology. 

Though  the  word  Stratum,  in  its  original  language, 
and  by  general  acceptation  in  speaking  of  rocks, 
denotes  a  bed,  it  is  convenient  to  restrict  the  term 
bed  to  a  stratum  of  considerable  thickness  ^  for  such 
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beds  are  often  subdivided  into  several  distinct  minor 
strata,  and  we  cannot  well  describe  a  stratified  stratum. 

When  a  series  of  strata  of  a  similar  rock,  are  ar- 
ranged with  occasional  intervening  strata  of  rocks 
of  another  kind,  which  recur  in  different  parts  of 
the  series,  they  are  regarded  as  having  been  all 
fimaed  nearly  at  the  same  epoch,  and  under  similar 
€»rcuiiistaDces ;  and  such  series  are  called  by  geo- 
logic Formations.  Thus,  the  strata  of  shale,  sand- 
stone, and  ironstone  that  accompany  beds  of  coal  are 
called  the  Coal Jbrmation,  Strata  of  difiercuL  kinds, 
in  which  a  gradation  is  observed  into  each  other,  and 
^vhich  contain  similar  species  of  organic  remains,  also 
constitute  a  geological  Formation,  The  chalk  with- 
out flints,  the  lower  chalk  with  flints,  the  chalk-marl 
and  the  green  sand  under  the  chalk,  are  regarded  as 
members  of  what  is  denominated  the  Chalk  Jbrmation. 
The  student,  however,  must  be  careful  to  distinguish 
the  diflfereot  meaning  of  a  rock  Jormaiion,  as  here 
described,  and  the  formation  of  a  rock:  the  latter 
term  implies  the  mode  of  formation,  or  the  agent  by 
which  the  rock  was  formed  or  consolidated  ;  whether 
by  igneous  fusion,  as  beds  of  lava  ;  by  deposition 
from  water,  as  beds  of  clay  and  sandstone;  or  by 
animal  secretion,  as  beds  of  coral. 

In  order  to  obtain  a  distinct  idea  of  stratification  in 
its  simplest  form,  let  the  young  geologist  take  a  piece 
of  pasteboard  or  thin  wood,  say  12  inches  square : 
let  him  divide  it  in  the  middle  into  two  equal  planes, 
each  IS  inches  in  length  and  6  in  breadth.  Place 
one  of  these  planes  flat  on  a  table  with  the  shorter 
sides  or  ends  racing  the  north  and  south  ;  the  longer 
siilcs  will  of  course  be  at  right  angles,  and  face  the 
east  and  west.  Now,  if  one  of  the  longer  sides  be 
tilted  up, — say  the  western  side,  we  may  suppose 
the  pasteboard  plane  to  represent  a  stratum  rising  to 
the  west  and  dipping  eastward.  The  lengthwise 
direction  of  the  plane  is  called  the  li?ie  of  bearing ; 
and  the  declining  direction  is  called  the  Une  i^^dip^ 
which  is  at  right  angles  to  the  line  of  bearing.  The 
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angle  at  which  the  stratum  rises  above  the  hoiisohtal 

line  or  level  is  called  the  Inclination.  Suppose  the 
western  edge  of  the  pasteboard  plane  is  raised  above 
the  table,  forming  with  it  an  angle  of  tliij  ty  degrees  ; 
then  we  say  the  direction  of  the  stratum  is  north  and 
south,  its  dip  cast,  its  rise  of  course  west,  and  its 
angle  of  inciiaatiou  thirty  degrees.  Simple  as  this 
appears,  geologists  of  considerable  eminence  have 
made  the  most  palpable  mistakes  in  defining  strati* 
fication.  It  has  been  said  correctly,  that,  the  line  of 
dip  being  always  at  right  angles  to  the  direction  or 
line  of  bearing,  when  the  dip  is  given,  the  direction 
is  known :  but  when  it  is  further  said,  that,  if  the 
direction  is  given,  tlie  line  of  dip  is  given  also,  the 
assertion  is  erroneous  ;  for  let  the  above  plane  of 
pasteboard  be  again  laid  flat  upon  the  table  in  the 
same  direction,  due  nortli  and  south;  and  instead  of 
tilting  up  the  western  edge,  if  we  tilt  up  the  eastern, 
we  shall  then  have  the  same  line  of  bearing  as  in  the 
first  instance,  but  the  dip  will  be  west  instead  of 
east. 

It  sometimes  happens  that  a  stratum,  without  vary- 
ing its  direction,  may  be  so  bent  as  to  dip  two  ways  in 

the  same  mountain,  like  the  sloping  sides  of  the  roof 
of  a  church,  or  tlie  letter  V  revei  scd  (a).  (See  Plate  I. 
fig.  2.  stratum  4.  and  5.)  Place  the  two  planes  of 
pasteboard  in  a  north  and  south  direction,  and  raise 
them  so  as  to  make  the  upper  edges  meet ;  we  shall 
then  have  the  line  of  bearing  north  and  south  as 
before,  and  the  dip  east  on  one  side  and  west  on  the 
other.  The  limestone  strata  at  Dudley  Castle  Hill 
dip  on  each  side  of  the  hill  as  above  described.  (See 
Plate  IIL  fig.  4.  B.)  When  strata  are  bent  on  each 
side  of  a  mountain,  without  being  broken  at  the  top, 
they  are  called  saddle-shaped.  A  line  traced  on  the 
surface  of  a  country,  to  designate  where  tlie  strata 
dip  in  opposite  directions,  has  been  called  the  anli^ 
clinal  line,  and  should  be  introduced  in  all  geological 
maps,  when  it  can  be  conveniently  ascertained. 
Whatever  may  be  the  inclination  of  a  stratum^  its 
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true  thickness  is  measured  by  a  line  perpendicular  to 
the  upper  and  under  surface. 

If  we  take  a  xramber  of  similar  planes  of  paste* 
board  of  different  colours^  and  lay  the  undermost  a 
Ihde  inclined,  and  placci  another  plane  upon  it,  with 
the  upper  edge  about  an  inch  or  more  distant  from 
that  or  the  under  stratum,  and  again  lay  the  others 
in  succession  in  the  same  manner ;  the  uncovered 
ends  of  the  planes  will  rise  from  under  each  other 
like  a  number  of  slices  of  bread  and  butter  laid  on  a 
plate.  These  uncovered  edges  will  represent  the 
outcrop  or  crop  of  the  strata,  and  it  will  be  perceived 
bow  we  may  obtain  a  knowledge  of  an  under  stratum 
without  sinking  or  boring,  merely  by  crossing  a 
countiy  in  the  line  of  the  rise  or  dip  of  the  strata. 
When  strata  are  arranged  in  this  manner,  they  are 
said  to  be  in  a  comformable  position.  (Plate  I.  ^ig*  1 0 
It  vnll  naturally  be  enquired  whether  the  strata  abso- 
lutely  terminate  where  we  find  their  outcrop?  In 
some  instances  this  is  the  case  ;  but  frequently  the 
strata  are  bent  or  broken  in  the  line  of  their  rise,  and 
the  same  stratum  may  crop  out  in  one  place,  and 
appear  again  farther  on  in  the  line  of  its  rise,  as 
represented  Plate  I.  iig.  ^.  We  must  be  particularly 
attentive  to  this  circumstance,  otiierwise  we  may 
commit  the  most  egregious  errors  in  describing  a 
country  which  we  have  travelled  over,  where  there  is 
no  opportunity  of  seeing  a  section  of  the  strata.  Thus, 
in  fig.  S.,  after  passing  over  the  beds  1,  %  3,  4.,  and' 
having  no  easy  method  of  ascertaining  the  dip,  we 
may,  again  come  upon  the  edges  of  the  same  strata 
1,  2,  3,  4.,  and  suppose  them  to  be  different  and  lower 
beds  in  the  series.  Ebel  and  many  flying  geologists 
have  made  this  mistake. 

In  some  instances  we  come  suddenly  to  the  termi- 
nation of  a  whole  series  of  strata,  as  in  descending 
the  Cotswold  Hillsinto  the  Vale  of  Severn  ;  the  lime- 
stone called  Roe-stone,  of  which  they  are  principally 
coropGNMd,  is  not  found  on  the  other  side  of  the  valley, 
nor  in  any  part  of  England  ta  the  north-west  of  it* 
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Has  this  limestone  ever  extended  farther  westward  ? 

and  if  it  have  extended  farther,  by  wliat  cause  has  it 
been  removed  ?  These  enquiries  will  be  adverted  to 
in  a  following  chapter. 

To  return  to  our  pasteboard  planes,  arranged  as 
before  described,  with  the  edges  rising  from  under 
each  other  in  the  conformable  position.  If  we  take 
another  series  of  planes,  and  lay  them  flat  over  the 
outcropping  edges  of  the  conformable  series,  we  shall 
then  have  the  unconformable  position  represented, 
Plate  I.  fig.  3.  Now,  the  strata  that  cover  the  coal 
measures  and  transition  beds  in  England  occur  in  this 
position  ;  and  the  following  important  inference  may 
be  drawn  from  it,  namely,  that  the  under  stratified 
rocks  liad  been  formed,  and  their  strata  broken  and 
raised  up,  at  a  period  which  must  have  pre.ceded  the 
formation  of  the  upper  series  by  a  considerable  in- 
terval ;  for  the  lower  series  were  evidently  solidified, 
and  afterwards  in  many  instances  broken,  and  the 
fractured  edges  of  the  strata  levelled,  before  the 
upper  strata  were  deposited  upon  them. 

The  most  common  error  into  which  persons  com- 
mencing the  study  of  geology  are  liable  to  fall,  is  in 
mistaking  the  apparent  for  the  real  inclination  of  the 
strata.  Plate  1.  fig.  4.  will  render  this  more  intelli- 
gible than  any  description.  It  represents  a  portion 
of  a  stratified  mountain,  of  which  tlie  strata  have  a 
considerable  dip  to  the  east.  If  the  escarpment  or 
section  be  made  in  the  line  of  bearing,  c  dp  the  strata 
will  appear  to  range  from  north  to  south,  without  any 
rise  or  dip,  and  would  be  described  by  a  young  ob- 
server as  being  horizontal.  But  if  an  opening  or 
section  be  made  on  the  side  parallel  to  the  line  or  dip, 
as  at  c  the  true  inclination  will  be  seen.  Any 
section  made  in  a  different  direction  to  the  line  of 
dij)  will  cause  the  inclination  to  appear  less  than  the 
true  one,  and  the  line  of  dip  w  ill  appear  to  vary 
from  the  true  dip.  The  charices,  tiierefore,  are  very 
great  against  a  natural  section  made  in  a  mountain, 
presenting  the  true  dip  and  inclination  of  the  stiaU. 
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In  fig.  4.  Plate  I.  we  see  represented  two  sections 
of  a  hill  from  which  the  loose  materials  are  supposed 
to  be  cleared  away,  and  the  dip»  direction,  atid  thick* 
ness  of  the  strata  are  exposed  to  view.  The  section 
from  d  toe  in  the  line  of  bearing  is  sometimes  called 
the  hngitudmal  section,  and  that  from  c  to  c  in  the 
line  of  dip  the  transverse  section. 

Another  error  which  the  observer  who  does  not  at- 
tend to  the  dip  and  direction  of  the  strata,  may  fall 
into  is,  mistaking  an  under  for  an  upper  stratum. 
Suppose  a  hill  to  be  covered  with  vegetable  soil,  and 
a  quarry  or  pit  was  made  in  it  near  the  bottom,  as 
at  a,  Plate  L  fig,  1.,  and  the  stone  was  discovered  to 
be  sandstone :  if  another  pit  was  sunk  near  the  sum« 
mit  at  ^  which  cut  into  limestone,  it  might  be  sup* 
posed,  because  the  limestone  is  met  with  at  a  higher 
level,  that  it  lies  over  the  sandstone  stratum,  when  it 
is  in  reality  below  it.  The  young  observer,  who  has 
not  a  clear  notion  of  this,  may  be  said  not  yet  to  have 
passed  the  pon.s  asinoruin  of  the  geologist. 

In  calcareous  mountains  of  vast  magnitude,  as 
those  in  the  Swiss  and  Savoy  Alps,  tlie  enormous 
beds  of  limestone  are  oflen  intersected  by  regular 
seamSk  which  cut  through  the  whole  bed  in  a  direc- 
tioii  nearly  perpendicular  to  that  of  the  true  strata 
seama,  or  make  very  oblique  angles  with  them .  T  h  ese 
partings  or  seams  are  sometimes  nearly  vertical,  when 
the  strata  are  almost  horizontal.  The  cliffi  and  es- 
carpments of  these  mountains  being  lofty,  and  much 
exposed  to  the  action  of  the  atmosphere,  the  vertical 
seams  enlarge,  and  are  often  more  conspicuous  than 
the  strata  seams  ;  hence,  without  great  attention,  the 
observer  may  describe  the  strata  of  a  mountain  as 
being  perpendicular,  wlien  in  reality  they  are  nearly 
horizontal.  To  add  to  the  difficulty,  it  very  fre- 
quently happens  that  a  calcareous  deposition,  like  a 
coat  of  plaster,  covers  the  face  of  a  rock :  this  has 
been  formed  by  moisture  running  over  the  surface, 
and  depositing  calcareous  particles  upon  it  This 
deposition  sometimes  conceals  the  partings  or  seams 
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of  the  stratification  as  completely  as  a  coat  of  plaster 

covers  the  rows  of  brick  in  a  building.  The  vertical 
seams  or  partings  arc  also  sometimes  open  and  form 
parallel  ridges,  which  efl'acc  the  appearance  of  the 
strata  seams  in  one  part  of  a  rock,  but  not  in  the 
other ;  and  in  such  instances  we  have  a  mountaia 
mass  in  which  the  strata  are  apparently  partly  horizon* 
tal  and  partly  vertical.  See  Plate  I.  fig.  5.  Inatten* 
tion  to  this  circumstance,  I  am  convinced,  has  some- 
times  deceived  the  eye  of  M.  Saussure,  one  of  the 
most  diligent  and  accurate  of  observers. 

The  regular  partings  or  cleavages  in  many  slate 
rocks  which  intersect  the  beds,  nearly  at  right  angles 
to  their  dip  or  inclination  (See  Plate  III.  fig.  1.  d 
have  often  been  mistaken  for  strata  seams,  and  iiave 
led  geologists  of  some  eminence  to  draw  very  erro- 
neous inferences.  The  thick  beds  of  transition  or 
mountain  limestone  which  compose  a  great  part  of 
Ingleborough,  and  other  adjacent  mountains  in  the 
district  called  Craven,  in  Yorkshire,  generally  dip  at 
a  moderate  inclination  towards  the  south-east  |  the 
lower  beds  rest  on  coarse  slate,  which  has  in  reality 
the  same  inclination  as  the  limestone,  but  as  the 
under  part  of  the  slate  is  oflen  concealed,  the  vertical 
partings  are  mistaken  for  strata  seams.  This  lime- 
stone is  described  by  Professor  Play  fair  as  resting  on 
vertical  beds  of  slate  ;  and  he  draws  several  important 
conclusions  respecting  the  elevation  of  the  beds  of 
slate,  and  its  action  on  the  superincumbent  beds  of 
limestone ;  whereas  a  more  extended  survey  of  the 
district  would  have  shown  him,  that  the  slate  rocks 
rest  on  other  beds,  which  have  the  same  inclination 
as  the  limestone  above  them,  and  that  the  slate  and 
limestone  are  conformable. 

The  modes  of  stratification  we  have  been  consider- 
ing are  those  of  plane  strata  ;  but  in  many  situations, 
particularly  in  the  Alps  and  the  Jura  chain,  the  strata 
are  curved  and  bent  round  the  mountains,  encircling 
them  like  a  mantle.  The  ravines  and  escarpments, 
according  to  tlie  position  in  which  tiie  sections  have 
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been  made,  present  the  most  varied  forms  of  stratifi- 
cation in  the  same  mountain.  In  one  part,  the  strata 
will  seem  to  rise  almost  vertically  ;  in  another,  to  be 
oeariy  horizontal;  and  in  a  third,  to  be  deeply  curved; 
and  this  will  depend  much  on  the  relative  position 
of  the  observer,  whether  he  be  placed  on  one  Me, 
or  m  face  of  the  escarpment  Suppose  a  transverse 
section  be  made  through  a  mountain  in  the  direction 
B  b  (Plate  1.  Hg.  6.),  it  would' show  the  true  position 
of  tlie  arched  strata :  but  if  we  suppose  a  section  to 
be  made  only  on  the  side  c  c/,  an  observer  would  see 
the  face  or  escarpment  on  that  side,  with  the  edges 
of  the  strata  lying  horizontally,  and  might  describe 
them  as  horizontally  stratified,  were  he  to  view  no 
other  part  of  the  mountain.  In  some  situations  the 
fiacture  made  in  the  arched  stratification  is  much 
broken,  and  we  have  on  the  side  of  the  same  moun« 
tain,  the  appearance  both  of  horizontal  and  greatly 
inclined  stratification.  An  instance  of  this  occurs 
near  the  Lake  of  Bourget  in  Savoy.  Plate  I  J.  fig.  1 . 
represents  the  appearance  of  strata  on  the  side  of  a 
mouuUiin,  which  has  the  arched  stratification  before 
described;  but  the  outermost  strata,  instead  of  en- 
folding the  whole  mountain,  only  cover  the  southern 
side,  and  are  broken  ofi'at  the  summit  in  a  line  nearly 
parallel  with  it,  and  their  edges  present  tlie  appear- 
ance of  horizontal  strata,  a  a  a.  Lower  down  the 
mountain,  part  of  the  under  strata  have  fallen  off  in 
a  sloping  direction,  and  their  projecting  edges  pre- 
sent at  a  distance  the  appearance  of  highly  inclined 
strata.*  This  may  be  further  illustrated  by  taking  a 
half  cylinder,  or,  for  want  of  that,  a  thick  book,  and 
opening  it  a  littlu  ;  place  it  with  the  edges  upon  the 
table,  and  the  back  uppermost;  cover  the  book  or 
half  cylinder  with  a  number  of  folds  of  paper  of 
difiereat  coiouis,  —  these  will  represent  arched  strata. 

•  In  this  section  the  mountain  is  represented  as  cut  through,  to 
shovir  the  bending  of  llic  strata ;  but  the  edges  of  the  strata  a  a. 
Bid  of  the  strata  belofir,  were  only  visible,  and  it  required  much 
attmtioa  to  discover  their  true  petition. 
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Cut  across  the  outermost  folds  along  the  back,  and 
take  away  the  other  half ;  the  edges  of  the  paper 
will  represent  those  of  the  upper  strata,  and  their 
position  will  appear  to  be  horizontal.  Cut  away  the 
corners  of  the  under  sheets  a  little  behind  each  other, 
so  that  the  edges  of  each  coloured  sheet  may  be  visi- 
ble, and  these  will  represent  the  appearance  of  highly 
inclined  strata,  and  have  frequently  been  mistaken 
for  such.  The  young  geologist  may  greatly  facilitate 
the  study  of  stratification,  by  laying  coloured  planes 
of  any  soft  and  yielding  substance  over  each  other, 
and  inclining  them  in  various  positions ;  then  let  him 
make  sections  in  difierent  directions  with  a  knife, 
and  also  carve  out  hollows  representing  valleys,  cut- 
ting through  inclined  strata  at  various  angles  with 
the  line  of  dip  and  line  of  bearing:  by  this  means  he 
may  gain  a  more  correct  idea  of  the  varied  phenomena 
of  stratification,  both  in  mountains  and  valleys,  than 
the  most  elaborate  descriptions  can  convey. 

The  appearance  of  contorted  stratification  in  the 
calcareous  mountains  of  the  Alps  is  frequently  an  op- 
tical illusion.  Strata  v^hich  have  originally  enfolded  a 
mountain  like  the  coats  of  an  onion,  have  fallen  off 
in  curved  lines,  leaving  waving  edges,  overlapping 
each  other,  as  represented  Plate  11.  fig.  5.  Suppose 
indented  sections  were  made  in  the  side  of  an  onion, 
the  edges  of  the  difierent  indented  rinds  would  pre- 
sent similar  contortions. 

Inequalities  in  the  general  curvature  of  the  beds 
may  have  occasioned  them  to  break  off  in  this  man- 
ner. The  M(mtag7ie  de  Tn'ille^  near  Montmelian,  in 
Savoy,  of  which  a  plate  is  given  in  tlie  third  volume 
of  Saussure'^  Voyages  dans  ksAlpes,  offers  an  instance 
of  this  apparent  contortion,  which  Saussure  considers 
as  almost  inexplicable.  I  examined  this  mountain 
from  various  stations  with  much  attention,  and  am 
convinced  that  the  contortions  are  only  illusory,  and 
are  not  like  the  real  contortions,  which  the  lower  beds 
of  transition  limestone,  in  this  country,  frequently 
present  on  a  small  scale.    In  certain  situations  in 
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the  Alps,  however,  the  strata  have  evidently  been 
raised  by  some  violent  convulsion,  and  have  been 
bent  by  the  resistance  which  they  have  offered  to  the 
moving  cause.  Of  this  a  remarkable  instance  may 
be  seen  in  the  Baltenberg  mountain,  at  the  bead  of 
the  lake  of  Brientz,  of  which  I  have  given  a  descrip. 
tion  and  drawing  in  the  second  volume  of  my  Travels 
in  the  Tarentaise. 

The  strata  of  secondary  rocks  belonging  to  the 
lame  formation,  firequentlv  preserve  nearly  the  same 
tUclmess  for  a  considerable  extent,  and  are  arranged 
oonfbrmably  over  each  other,  except  in  situations 
where  their  regularity  has  been  disturbed  by  rents  or 
fractures.  In  these  secondary  conformable  strata, 
the  order  in  which  they  succeed  each  other  indicates 
their  relative  ages ;  but  this  rule  cannot  be  extended 
to  all  classes  of  rocks. 

No  inference  can  at  first  appear  more  legitimate 
than  this  The  rock  which  supports  another  must 
be  older  than  that  which  rests  upon  it»  if  their  ori- 
ginal position  has*  not  been  changed.**  But  this  con- 
clusion, when  examined  with  attention,  will  fairly 
admit  of  doubt,  with  respect  to  those  rocks  which 
are  crystalline  like  the  primary.  Tiiese  were  either 
formed  by  chemical  affinity  from  a  state  of  solution, 
or  by  crystallisation  from  a  state  of  fusion  :  — if  by 
the  latter  mode,  all  the  different  beds  may  have  been 
arranged  at  the  same  time,  and  the  upper  and  lower 
rocks  may  have  a  contemporaneous  origin.  If  a 
mass  of  melted  matter  from  a  furnace  cool  slowly, 
the  iotemal  and  external  parts  will  vary  both  in  their 
physical  and  chemical  properties;  but  it  cannot^  on 
this  account,  be  said  that  the  lower  part  is  older  than 
the  upper.  But  strata  deposited  by  water  were  evi- 
dently formed  after  the  rocks  on  wiiich  they  rest. 
Even  were  we  to  admit  the  subsequent  fusion  of 
granite,  it  existed  in  another  form  as  a  substratum 
of  the  upper  rocks,  as  these  must  always  have  had  a 
foundation.  It  has  been  before  observed,  that  those 
rodtt  which  contain  different  species  of  oi^anic  re- 
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nudnsi  separated  by  strata  io  which  no  such  remains 
occur,  must  have  been  formed  in  succession  over  each 
other,  and  probably  at  very  distant  intervals  of  time. 

This  inference  appears  conclusive,  nor  can  it  be  in- 
validated by  the  crystalline  arrangement  and  cleavage 
of  some  of  those  rocks.* 

Rocks  of  the  primary  class  frequently  cover  each 
other  in  an  order  Avhich,  viewed  on  a  grand  scale, 
may  be  said  to  be  conformable ;  but  the  diilerent 
rocks  in  each  class  are  generally  of  such  vast  and 
irregular  thickness,  that  their  order  of  succession  is 
often  not  easy  to  trace :  beside*  some  of  these  rocks 
pass  by  a  change  of  structure  into  each  other,  and 
their  line  of  junction  or  separation  can  seldom  be 
observed.  Viewed,  however,  as  composing  mountain 
chains,  the  more  general  anan^cmcnt  is  represented 
Plate  III.  fig.  1.  Granite,  or  the  foundation  rock,  a  ; 
gneiss,  b;  mica  slate,  c;  common  slate  (called  clay 
slate),  d  d.  The  transition  series,  c  c.  The  lower 
strata  with  coal,  f  f.  A  bed  of  limestone,  or  any 
Dlhev  rock,  in  a  slate  mountain,  is  represented,  .r  t  : 
in  this  position  it  is  said  to  be  imbedded :  and  if  a 
number  of  these  beds  occur  at  different  intervals, 
they  are  said  to  be  subordinate.  A  bed  of  con^b^  - 
^lerate^  composed  of  holders  and  fragments  of  die 
lower  rocks,  as  at  o,  is  frequently  interposed  between 
slate  rocks  and  transition  limestone. 

Tlic  unconformable  position  of  unstratified  rocks 
is  represented  Plate  III.  fig.  2.,  where  a  mass  of 
porphyry  a,  ranging  from  c  to  c,  covers  the  rocks 
1,  '2,  3.,  without  any  conformity  to  the  inclination  or 
ibrm  oi'  the  lower  beds.    The  lower  beds  are,  how- 

*  We  have  reason  to  believe  that  many  rocks  wliich  present  no 
iodicationi  of  stratlficatioo,  were  originally  arranged  in  r^olar 
strata.  In  some  limestone  rocks,  where  tbe  stiatification  is  ex- 
tremely well  defined  by  distinct  partings,  there  occur  spaces  in 

which  different  strata  are  blended  into  one  mass.  These  masses 
are  called  by  the  quarrymen  knobs,  and  are  more  hard  and  difficult 
to  work  Uian  the  stratified  limestone,  but  are  equally  good  in 
quality. 
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ever,  cut  through  by  veins  of  porphyry,  which  indicate 
that  the  porphyry  bad  been  erupted  in  a  melted  state 
through  these  veins,  and  poured  over  the  surface  of 
the  lower  rocks.  A  similar  arrangement  of  por- 
phyry, which  occurs  iu  Norway,  will  be  described  in 
Chapter  X. 

Basalt,  either  massive  or  columnar,  frequently 
covers  rocks  in  an  unconformable  position.  See 
Plate  III.  %.  Q.  B,  d'dnd  Ik 

Tiie  superincumbent  rocks  in  this  situation  are 
evidently  of  more  recent  origin  than  those  which 
they  cover :  the  lower  must  have  been  hard  and  un- 
yielding  when  tlie  upper  were  thrown  upon  them, 
if  a  thick  stream  of  lava,  as  frequently  happens,  were 
to  flow  over  a  range  of  conformable  rocks,  filling  up 
the  cavities  and  inequalities  of  the  surface,  —  when  it 
became  hard  by  cooling,  it  would  form  a  bed  of  su- 
perincumbent unconformable  rock.  Such  instances 
are  common  in  volcanic  countries.  Very  extensive 
ranges  of  rocks  and  mountains  occur  in  this  position 
iu  various  parts  of  the  world,  not  only  covering  the 
primary,  but  the  secondary  rocks.  These  will  here- 
after be  described  under  the  name  of  porphyry^ 
•  nenite,  and  basalt  They  frequently  assume  tne  co- 
lumnar structure^  and  sometimes  form  vast  ranges  of 
natural  pillars ;  as  at  Staflb,  one  of  the  Hebrides,  on 
the  north  coast  of  Ireland,  in  Iceland,  Sicily,  and 
many  volcanic  countries. 

Having  described  the  position  of  both  stratified 
and  unstratified  unconformable  rocks,  it  may  be 
proper  to  state,  that  the  latter  rocks  occur,  covering 
both  primary,  transition,  secondary,  and  tertiary 
strata:  many  of  those  which  cover  the  secondary  and 
tertiary  seem  evidently  to  have  been  the  products  of 
subterranean  fire ;  and  even  those  which  cover  the 
primary  and  transition  rocks  bear  a  dose  affinity  to 
volcanic  rocks.  If  we  admit  that  our  loftiest  ranges 
of  mountains  were  elevated  by  the  expansive  force 
of  central  fires,  this  power  acting  upon  an  extensive 
portion  of  the  globe,  might  be  ages  in  upheaving  the 
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incumbent  surface,  which  would  continue  to  rise 
until  vast  fissures  were  made,  throui^h  which  the  sub- 
terranean melted  matter  w^ould  be  thrown  over  the 
mountaius  and  phiins  tlien  existing,  and  form  the  su- 
perincumbent rocks  of  basalt,  porphyry,  and  sienite, 
that  seem  to  be  so  nearly  alHed  to  volcanic  products. 
While  one  part  of  the  surface  was  rising,  another 
part  would  sink,  and  form  a  new  bed,  into  which  the 
waters  of  the  ocean  would  gradually  retire. 

According  to  Humboldt^  the  extraordinary  erup- 
tions by  which  new  islands  have  been  fiMrmed  since 
the  period  of  authentic  history,  have  been  preceded 
by  a  swelling  of  the  softened  crust  of  the  globe. 
At  Kamenoi,  tiie  new  island  made  its  appearance 
above  the  sea  twenty-six  days  before  the  smoke  was 
visible.  **  Every  thing  indicates  that  the  physical 
ciianges  of  which  tradition  has  preserved  tiie  re- 
membrance, exhibit  but  a  feeble  image  of  those 
gigantic  catastrophes  which  liave  given  mountains 
their  present  form,  changed  the  position  of  the  rocky 
strata,  and  buried  sea-shells  on  the  summit  of  the 
higher  Alps.  It  was  undoubtedly  in  those  remote 
times  which  preceded  the  existence  of  the  human 
race,  that  the  raised  crust  of  tlie  globe  produced 
those  domes  of  trappean  })orphyry,  tliose  hills  of  iso- 
lated basalt  in  vast  elevated  plains,  those  solid  nuclei 
covered  with  the  modern  lavas  of  the  Peak  of  Tene* 
riffe,  of  Etna,  and  Cotopaxi." — Humboldt. 

To  these  great  catastrophes,  and  to  vast  inunda* 
tions,  and  in  some  cases  to  submarine  currents,  must 
we  ascribe  many  inequalities  of  the  earth's  surface,  the 
fracture  of  strata,  and  the  transport  of  th^  broken 
masses  and  fragments  into  distant  countries.  The 
formation  of  valleys  constitutes  an  important  suliject 
of  geological  research :  it  will  be  reserved  for  a  sub- 
sequent part  ot  the  volume;  but  it  may  be  useful  to 
state  to  the  geological  student,  that  all  stratified 
mountains  are  only  parts  of  extended  strata,  with 
which  they  were  once  united. 

This  will  be  more  distinctly  understood  by  con* 
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solting  Plate  IV.  fig.  1.,  which  is  intended  to  repre- 
sent tiie  f^eneral  rise  of  tiie  strata  from  Sheffield  in 
Yorkshire  to  Castleton  in  Derbyshire,  intersected  by 
the  valley  through  which  the  river  Derwent  flows. 

The  town  of  Sheffield,  fig.  is  built  over  coal 
strata*  which  rise  towards  the  west,  and  disappear  in 
that  directtoo  about  five  miles  from  Sheffield  (^). 
Here  the  under  rock  makes  its  appearance  (3),  which 
is  a  bed  of  coarse  gritstone,  more  thlin  one  hundred 
and  twenty  yards  in  thickness,  forming  the  summits 
of  all  the  mountains  as  you  advance  to  the  vale  of 
Derwent  (4).  The  grit-rock  rests  upon  a  thicker  bed, 
of  a  different  kind,  chiefly  composed  of  slaty  sand- 
stone, represented  (5).  On  the  western  side  of  the 
valley,  the  grit- rock  (3)  exists  only  as  a  cap  or  cover- 
ing on  Whin- Hill,  a  lofly  mountain,  marked  (6). 
Two  miles  &rther  west  the  grit-rock  disappears,  and 
the  slaty  sandstone,  which  is  the  base  of  Whin* Hill, 
forms  the  summit  of  the  celebrated  Mam  Tor,  or  the 
Shivering  Mountain*  The  mountain  limestone  (7) 
here  makes  its  appearance  as  the  base  of  Mam  Tor, 
and  farther  west  the  same  limestone  forms  entire 
mountains.  The  difierence  observable  in  the  rocks 
east  and  west  of  the  Derwent,  is  owing  to  the  general 
rise  of  the  strata  in  the  latter  direction. 

It  is  here  obvious,  that  Whin- Hill,  though  it  ap- 
pears  an  isolated  mountain,  is  only  a  portion  of  the 
thick  beds  of  gritstone,  and  slaty  sandstone,  on  the 
other  aide  of  the  valley :  the  cap  of  grit-rock  (6.)  is 
called  an  outlier  of  the  bed  3. 

It  deserves  notice,  that  isolated  caps,  like  that  on 
the  top  of  Whin-Hill,  fig.  6.,  often  occur  where  we 
can  trace  no  similar  rocks  in  the  vicinity  :  they  are 
sometimes  the  only  remaining  relics  of  a  stratum  that 
has  been  destroyed,  and  removed  by  some  of  the 
great  catastrophes  that  have  changed  tbe  suriiice  of 
the  globe. 

When  valleys  take  the  same  direction  as  that  of  a 
range  of  mountains^  they  are  called  hngUudinal  vaU 
kgi;  when  they  cut  through  a  range  of  mountains. 
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they  are  called  transversal  wiU^s:  in  the  latter  case, 
the  strata  on  .each  side  of  the  valleys  are  generally 
the  same. 

The  small  valleys  which  open  into  a  larger  valley 
nearly  at  right  angles  to  it  are  called  hteraL  valleijs. 
In  some  rare  instances,  a  valley  is  formed  by  the 
bending  of  the  strata,  which  make  a  trough  as  repre- 
sented Plate  I*  fig.      between  a  &  b.  ' 

When  considerable  tracts  of  the  upper  strata  are 
wanting,  as  between  a»  b»  Plate  I.  fig.  it  is  sup- 
posed that  the  lower  strata  have  b^n  laid  bare  by 
some  convulsion  that  has  torn  off  and  carried  away 
the  strata  by  which  they  were  once  covered :  this 
constitutes  what  is  called  a  denudation.  Instances 
of  sucii  denudations  arc  of  frequent  occurrence. 

Mountains,  except  those  Ibrmed  by  volcanos,  are 
seldom  isolated  masses  rising  from  a  plain,  but  they 
form  groups,  or  are  ranged  together  in  a  certain  di- 
rection»  and  compose  long  and  loily  ridges,  denomi- 
nated mountain  chains.  Lower  ranges  of  mountaans, 
running  in  the  same  direction  as  the  principal  range, 
and  separated  by  valleys  of  greater  or  less  width, 
may  be  observed  accompanying  almost  all  very  lofiy 
mountain  ch«ns«  This  fact  appears  to  indicate  thie 
operation  of  a  powerful  elevating  force,  acting  in 
one  direction  along  a  certain  line*,  antl  decreasing  in 
intensity  as  tlie  distance  from  each  side  of  this  line 
increases ;  but  this  action  does  not  appear  to  extend 
with  equal  force  on  both  sides  of  the  line,  for  the 
smaller  chains  parallel  to  the  great  chain  are  seldom 
so  numerous  on  one  side  of  it  as  on  the  other.  The 
principal  mountain  chain,  if  very  large,  has  its  sides 
furrowed  by  small  lateral  valleys,  and  has  not  been 
unaptly  compared  to  a  back-bone  or  spine,  with  di- 
verging ribs. 

The  shape  of  many  countries  and  islands  is  evi- 
dently determined  by  the  direction  of  the  g  .  nd 
mountain  chains  that  run  through  tliem. 

The  principal  mountains  in  £urope  and  Asia» 

*  This  line  is  called  the  axis  of  elevation. 
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when  viewed  on  a  large  scale,  may  be  considered  as 
forming  a  mountain  chain  composed  of  numerous 
mountain  groups,  and  extending  in  an  easterly  di- 
rection from  Cape  Finisterre  in  Spain,  to  the  most 
eastern  extremity  of  Asia.  Various  parts  of  this 
chain  receive  different  denominations  in  the  difierent 
countries  through  which  they  pass*  The  Pyrenees, 
the  Alps,  Mount  Taurus,  Mount  Caucasus,  the  AU 
taic,  and  the  Himmaleh  mountains,  and  the  Yab- 
lonny  mountains  of  Tartary,  which  extend  nearly  to 
Beh ring's  Straits,  may  be  regarded  as  forming  to- 
gether one  immense  mountain  chain,  and  dividing 
the  northern  from  the  southern  dry  land,  bothiu  Eu- 
rope and  Asia. 

In  North  and  South  America  one  unbroken  chain 
of  mountains  runs  in  a  northerly  and  southerly  di- 
rection for  eight  thousand  miles,  near  the  western 
side  of  that  vast  continent,  and»  with  some  minor  di-> 
verging  chains,  has  evidently  determined  the  general 
outline  of  both  countries. 

A  remarkable  similarity  occurs  in  the  position  of 
the  escarj)ments  or  steep  sides  of  n^ountains  in  the 
same  mountain  range.  Various  opinions  liave  been 
formed  respecting  the  law  which  the  position  of  the 
escarpments  appears  to  follow,  but  I  believe  the  rule 
I  submitted  to  the  attention  of  geologists  in  the  first 
edition  of  this  work,  will  be  found  to  approximate  to- 
the  truth* 

Mountain  chains  or  ranges  present  the  steepest 
declivities  on  the  sides  nearest  to  the  sea.  This 

is  remarkably  the  case  in  the  long  chain  of  the 
Alleghany  mountains  on  the  eastern  side  of  America, 
which  are  steep  towards  the  Atlantic.  On  the  con- 
trary, the  Stony  mountains,  which  run  near  the  north- 
west coast,  and  the  Antics,  near  the  southern  Pacific 
Ocean,  are  steepest  on  their  western  side.  In  ranges 
of  mountains  that  form  the  boundaries  of  lakes  or  of 
extensive  vales,  through  which  large  rivers  flow,  the 
mountains  nearest  to  the  rivers  have  liie  steenest 
declivities.   The  largest  rivers  have  their  origin  from 
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the  sides  of  mountains  which  are  most  incKned  to 
the  horizon,  and  most  remote  from  the  sea* 

The  beds  or  strata  of  very  lofly  mountains  are 
generally  much  inclined,  and  are  sometimes  nearly 
vertical.  Among  these  highly  inclined  beds,  we  not 
unfrequently  observe  beds  of  limestone  containing 
marine  shells,  which  must  have  been  originally  depo- 
sited at  the  bottom  of  the  ocean.  In  some  instances  we 
meet  with  vertical  strata,  containing  rounded  peblHes 
and  water- worn  fragments  of  other  rocks;  these 
must  also  have  been  origtnally  dqK>8ited  on  a  surfiice 
nearly  horizontal :  we  are  therefore  certain,  that  the 
present  vertical  position  of  these  strata  is  not  their 
original  one,  and  we  hence  also  learn,  that  all  the 
strata  associated  with  them  in  the  same  mountain, 
and  having  the  same  inclination,  were  raised  together. 
We  have  iurtlier  proof  that,  before  the  epoch  when 
this  great  revolution  was  effected,  all  these  beds  were 
covered  by  the  seas  then  existing,  and  it  was  under 
the  ocean  that  the  change  of  position  took  place. 

No  person  who  reflects  on  the  appearances  pre* 
sented  in  a  mountainous  district  can  believe  that  the 
broken  and  elevated  beds,  the  peaked  summits,  the 
impending  cliffs,  and  the  immense  fragments  of  rock 
scattered  in  the  valleys  and  adjacent  countries,  were 
originally  created  and  placed  as  we  now  observe 
tliem. 

The  traveller  who,  in  crossing  an  extended  desert, 
should  meet  with  the  remains  of  some  unknown 
temple,  could  not  tor  a  moment  doubt  that  the  broken 
and  prostrate  columns,  the  mutilated  arches,  the 
scattered  capitals  and  inscriptions,  had  been  removed 
by  some  devastating  cause  from  their  onginal  posi* 
tion ;  nor  is  the  proof  less  certain,  that  the  rocky 
pavement  of  our  globe  has  been  broken,  and  its  parts, 
which  were  once  united,  widely  separated  from  each 
other.  Some  of  the  phenomena  we  observe  in  moun- 
tains were  produced  by  the  disturbing  force  which 
first  elevated  them  ;  others  have  been  subsequently 
eflected  either  by  vast  inundations,  or  by  torrenta 
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that  Iiave  torn  away  considerable  portions  of  the 
softer  beds^  or  by  the  more  gradual  decomposition 
and  disintegration  produced  by  atmospheric  influ- 
ence by  the  latter  cause,  the  lofty  and  exposed  peaks 
and  escarpments  of  rocks  are  constantly  wearing- 
down. 

During  the  two  summers  I  passed  in  the  Alps,  1 
was  much  struck  with  the  circunistance,  that  all  the 
great  openings  or  passages  over  these  mountains, 
called  CoLs,  were  made  by  excavations  in  beds  of  soft 
slate ;  and  the  fact  I  think  admits  of  an  easy  cxpia^ 
nation,  but  I  do  not  know  that  it  has  been  before  re- 
marked by  geologists. 

If  we  suppose  a  portion  of  the  Alps  to  be  repre- 
sented, Plate  II.  fig.  Q,,  the  dotted  lines  above  the 
present  surface  will  mark  the  supposed  original  pro- 
longation of  the  dilTerent  beds,  at  the  period  when 
they  were  raised.    As  the  ocean,  from  wlience  these 
beds  were  raised,  must  have  been  agitated  with 
inconceivable  vioionce,  the  retiring  waters  would 
scoop  out'  deep  excavations  in  the  softer  beds  of 
schist,  and  also  tear  off  many  of  the  vertical  plates  of 
the  hardest  rocks,  and  form  the  rudiments  of  these 
pyramidal  peaks  and  aiguilles,  which  rise  like  the 
spires  of  a  Gothic  cathedral.    Mountain  torrents, 
caused  by  thunder-storms  or  the  sudden  melting  of 
al|)ine  snow,  may  have  subsecpicntly  torn  away  large 
portions  botii  ot  the  harder  aiul  softer  beds:  the  dis- 
iiUregation  of  the  granitic  aiguilles  which  are  exposed 
to  the  influence  of  atmospheric  agency  is  daily  taking 
place,  and  their  ruins  are  every  day  falling  on  the 
surface  of  tlv  glaciers,  and  are  carried  down  into  the 
valleys :  their  peculiar  forms  are  derived  from  their 
laminated  structure,  which  disposes  them  to  split  in 
a  vertical  direction.* 

•  Plate  II.  fi^.  2.  represents  the  general  po>ition  of  the  beds  near 
the  Col  de  Balme  and  Mont  Blanc:  a  a  a,  altcrnatinjx  beds  of 
sandstone  and  limestone;  Lb,  elevated  beds  ol'  puddin^stone,  eon- 
tuning  rounded  stones  and  fragments  of  the  lower  rocks ;  c  soft 
slate,  in  which  a  passage  or  col  is  formed ;  ddd^  vertical  granitic 
beds  rising  in  pymmidal  formsi  called  Aiguilles  or  Needles. 

G 

r 

L^iy  u^uJ  cy  Google 


GRANITIC  AI0UILLE8. 


It  is  important  to  observei  that  different  groups 
and  ranges  of  mountains  have  been  elevated  at  diflfer- 
ent  and  remote  epochs,  and  the- birth  of  different 
parts  of  the  same  continent  was  not  coeval :  the  more 

lofty  parts  constituted  separate  islands,  before  the 
whole  surface  emerged  from  tlic  ocean.  Satisfactory 
evidence  of  this  will  be  adduced  in  a  subsequent  part 
of  this  work:  it  is  sufficient  to  the  ])resent  purpose 
to  state,  that  the  ocean  has  covered  all  that  is  now 
dry  land,  but  not  at  tiie  same  epoch. 
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CHAP. 

ON  ROCKS  DENOMINATED  PRIMARY,  AND  THE 
CHANGES  TO  WHICH  THEY  HAVE  BEEN  SUU- 
JECT£D. 

« 

The  Origin  of  Rocks  called  Primary  believed  by  many  Geologists 
to  be  igneous. —  A  Classification  founded  on  this  View.  —  A  Clas- 
sification independent  ot'  Theory.  —  Constituent  Minerals  of 
Granite.  —  Varieties  of  Granite.  —  Structure  and  Appearance 
of  (Jranitic  Mountains.  —  Mont  Blanc,  and  the  Aiguilles  in  its 
Vicinity.  —  Localities  of  Granite.  —  Granite  Veins. —  Passage 
of  Granite  into  Porphyry  and  Sloiite.  —  Minerals  found  in  Gra- 
nite.—  On  Granite  as  the  Foundation  Rock  on  which  other 
Rocks  are  laid. — The  relative  Antiquity  of  different  Granitic 
Mountain  Ranges —  Granite  pierced  through  by  Porphyry  and 
Current^;  of  Lava. — Granite  sometimes  protruded  among  the 
upper  btrata. 


In  describing  tin.  diJj'eretU  cla^sis  of  rock,  tve  may  at  her  commence 
«M  lAe  hwett  or  moti  aneierU^  or  unth  the  uppermost  w  moti 
msKis  hmi  l  am  persuaded  <to  ihe  tiudeni  will  find  it  most  eon-' 
renient  to  begin  unth  ihe^  lowest,  and proceed  in  an  cuoending  series  to 
Oie  uppermost,  T/te  rochs  ailhd primarif  have  distinelbf  marked  w/t- 
neral  characters^  and  contain  Jhc,  if  ant/,  arf/anir  remains.  As  the 
ttmknt  jirocccfis,  he  may  trace  the  Jirst  imlicafians  of  oryanic  cxistrncey 
<Bw/  in  asccndtng  to  the  tqrper  roehs.  he  will  nhscrve  tJie  yradnal  in- 
erease  of  gejiera  and  species  UuU  Jmvc  left  Uieir  remains  in  tite  dif' 
ftrent  beds  /  in  somo  eases  indicating  great  tinges  in  the  eondOian 
ef parts  of  the  globe,  asjrom  sea  to  land,  or  from  salt  water  to  fresh, 
erfrom  deep  to  shallow  seas.  If  tin-  student  heyin  wiih  the  more 
recent  or  upjmrmost  strata,  he  will find  them  difficult  to  recognise  by 
find  mineral  characters,  and  he  n-'dt  he  confused  hy  the  variety  of 
organic  species  presented  to  his  notice,  but  f'rvmi  which  he  crfn  diTive 
Utile  instruction^  until  he  be  able  to  cvnijxtie  them  with  thcfossd  re- 
wains  in  lie  lower  strata.  In  the  gcologiccd  description  of  a  particular 
country  or  district,  it  may  often  be  more  convenient  to  commence  wiih 

beds  nearest  die  syrfiee,  and  proceed  tn  a  dcseendiny  scries,  but ' 
fhm  the  reader  is  supposed  to  be  aktady  aeqtunnted  with  the  science. 


If  any  rocks  can  with  propriety  be  denominatccl 
primary  or  primitive^  they  are  those  which  are  most 
widely  spread  over  the  globe  in  tiie  lowest  relative 
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situation,  and  which  contain  no  remains  of  organic 
existence.  Primary  rocks  are  supposed  by  geologists 
to  constitute  the  foundation  on  which  rocks  of  all  the 
other  classes  are  laid  ;  and  if  we  take  an  enlarged 
view  of  the  structure  of  the  globe,  we  may  admit  this 
to  be  the  fact,  —  but  the  admission  requires  certain 
limitations*  The  same  causes  that  have  produced 
granite  and  the  other  primary  rocks  in  immense 
masses  below  all  other  rocks,  have  in  some  situations 
reproduced  them  in  smaller  masses,  covering  rocks 
belonging  to  the  transition  or  secondary  classes. 

Granite,  for  instance,  which  ha.s  been  regarded  as 
the  most  ancient  of  all  known  rocks,  has  been  some- 
times found  covering  secondary  rocks,  and  some- 
times obtruded  between  them.  Facts  of  tliis  kind 
are  rare,  and  can  only  be  explained  by  admitting  that 
granite,  like  volcanic  rocks,  has  once  been  in  a  state 
of  furion,  and  was  protruded  in  this  state  through  the 
upper  rocks.  Similar  facts  are  observed  with  respect 
to  otlier  primary  rocks,  which  are  believed  to  be  of 
igneous  formation. 

Indeed,  if  the  science  were  sufficiently  advanced 
to  enable  us  to  pronounce  with  absolute  certainty  on 
the  agents  by  which  rocks  were  formed,  a  more 
intelligible  arrangement  might  be  substituted,  than 
one  founded  on  their  relative  ages  j  it  might  be  com- 
prised  in  three  great  divisions :  — 

Class  L  RocLs  oJ  igneous  Formalioiu 
Class  II.  Rocks  qf  aqueous  Fonmtion, 
Class  III.  Cmglomerates^aMmechankalFormathm. 

These  would  admit  of  distinct  subdivisions  :— 

Class     1.     Rocks  that  have  been  fused  and  con- 

solidaietl  wilhuut  ever  having  flowed 
as  lavas. 

h*  Hocks  that  have  been  fused  and  pro- 
truded through  the  solid  covehugof 
the  globe. 

r.  Rocks  that  iiavc  been  greatly  modified 
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by  heat,  but  which  were  originally 
aqueous  depositions. 
Cj«ass    II.  a.  Marine  formations. 

b.  Freshwater  formations. 
Class  III.  a.  Ancient  conglomerates. 

b.  Recent  conglomerates. 

Each  of  these  divisions  would  comprise  rocks  of 

different  relative  ages  ;  that  of*  rocks  of*  the  first  class 
would  be  determiued  by  tlieir  position  ;  those  of  the 
second  and  third  chisses  by  their  order  of  succession^ 
and  the  organic  reuiains  in  each.* 

I  shall  now  proceed  to  describe  the  rocks  deno« 
minuted  primary,  without  any  reference  to  theory ; 
and  sliail  propose  an  arrangement  of  them  that  will» 
I  tnisti  be  found  conformable  to  the  present  state  of 
the  science. 

Primary  rocks  are  chiefly  composed  of  the  hard 

minerals,  quartz,  felspar,  and  hornblende  ;  the  mine- 
rals, mica  and  talc,  arc  disseminated  in  smaller  pro- 
portions, and  limestone  and  serpentine  occur  in  beds 
or  masses,  but  less  frequently  than  the  above-named 
minerals.  If  we  refer  tlie  slate  rocks  to  the  transition 
class,  the  few  simple  minerals  here  enumerated  con- 
stitute nearly  the  whole  of  the  mountains  denominated 
primary. 

*  Sucli  an  arrangement  might  hv  objected  to,  as  resting  too  much 
on  theory ;  and  the  fate  of  the  W'ernerian  system  ought  to  caution 
us  against  founding  systems  of  classification  on  theoretical  views 
reipecting  the  formation  of  rocks.  The  foUowiog  rocks,  according 
tb  Uie  cMcknce  at  present  obtained,  might  be  referred  to  the  dif- 
ferent divisions  of  the  first  class  ;  and  it  may  be  useful  to  bear  this 
in  mind,  without  yielding  implicit  assent  to  the  tlicory  that  tliey 
are  ail  igneous  formations  ;  yet  it  must  be  allowed,  that  such  a 
mode  of  formation  w  ill  satisfactorily  act  ount  for  many  positions  in 
which  tliese  rocks  occur,  that  appear  inexplicable  by  any  other 
theory. 

Supposed  igneous  Bodi$»  —  All  varieties  of  granite,  gneiss,  and 

mica  slate; — all  varieties  of  porphyry  and  felspar  rocks;  —  all 
-varieties  of  hornblende  rocks  and  serpentine ;  — all  basaltic  or 
trap  rocks  ;  —  all  ancient  and  rj'cent  lavas. 

In  subdivision  c,  slate  rocks,  clay-slate,  and  crystalline  lime- 
stone, imbedded  in  igneous  rocks. 
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The  structure  of  primary  rocks  is  crystalline;  they 
onn  the  central  })arts  of  the  most  elevated  mountain 
cliains,  and  they  occur  also  at  the  lowest  depths  that 
have  yet  been  explored,  and  are  hence  believed  to 
be  the  most  ancient  of  rock  formations. 

Werner  has  enumerated  fourteen  primary  rocks ; 
but  as  some  of  these  have  only  been  found  hitherto 
in  one  place,  it  appears  improper  to  consider  them  as 
distinct  orders,  unless  we  arrange  every  variety  of 
rock  in  the  same  manner,  and  increase  tiie  number 
of  orders  indeHnitclv. 

The  following  arrangement  of  j)rimary  rocks  in- 
cludes only  three  principal  rocks  as  primary — granite, 
gneiss,  and  mica  slate,  which  are  nearly  allied  to 
granite,  and  form  an  incrustation  over  it:  these  never 
contain  organic  remains,  and  they  have  rarely  been 
observed  lying  over  other  rocks  in  which  such  re- 
mains are  found.  It  comprises  also  the  rocks  which 
are  sometimes  found  imbedded  in  granite,  gneiss, 
and  mica  slate,  and  arc  regarded  as  subordinate 
ibru)ations. 

Class  L 

Principal  Hocks  denominated  Primary^ 

1.  Granite,  comprising  all  tlie  varieties  of  tiiis 

rock,  and  small-grained  granite  passing  into 
porphyry,  the  Kuritc,  of  the  French  geologists, 
primitive  porphyry  ol'  the  Germans. 

2.  Gneiss  or  slaty  granite. 

3.  Mica  slate. 

Subordinate  Rocks  wluch  occur  among  Primary. 

Hornblenile  rock. 
Serpentine. 
Crystalline  limestone. 
Quartz  rock. 

Some  of  these  subordinate  rocks  occur  also  among 
rocks  of  the  transition  class. 
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The  three  principal  rocks  of  the  primary  clasSy  — 

granite,  ^^neiss,  and  mica  slate,  —  might,  with  pro- 
priety, be  regarded  as  belong inijf  to  one  fofmation. 
They  are  essentially  composed  of  the  same  minerals 
varying  in  different  proportions,  and  arc  rather  modes 
of  the  same  rock  than  difierent  species.  They  pass 
by  gradation  into  each  other,  as  one  or  other  of  their 
constituent  minerals  become  more  or  less  abundant; 
thev  alternate  with  each  other  in  various  situations, 
and  may  be  regarded  as  contemporaneous.  It  may, 
however,  for  the  convenience  or  description,  be  pro- 
per to  treat  of  each  separately. 

Rocks  qf  the^first  Class. 

Oranite  is  considered  as  the  foundation  rock,  on 
which  slate  rocks  and  all  secondary  rocks  are  laid. 
From  its  great  relative  depth,  granite  is  not  frequently 
met  with,  except  in  alpine  situations,  where  it  appears 
to  have  been  forced  through  the  more  superficial 
covering  of  the  globe.  Where  granite  rises  above 
the  surface,  the  beds  of  other  rocks  in  the  same  dis- 
trict generally  rise  towards  it,  and  their  angles  of 
elevation  increase  as  they  approach  nearer  to  it.* 
Granite  is  composed  oi'  the  three  minerals  described 
in  the  third  cha[)tcr,  —  quartz,  felspar,  and  mica, — 
which  are  more  or  less  perfectly  crystalhsed,  and 
closely  united  together. 

The  three  minerals  of  which  granite  is  composed 
vanr  much  in  their  proportions  m  difierent  granitic 
rocks,  and  often  in  specimens  from  the  same  rock  the 
crystals  are  large,  or  small,  or  equally  intermixed,  in 
one  part,  and  in  another  part,  quartz  or  felspar  greatly 
predominates.  Some  granites  are  composed  of  small 
grains,  and  iia\  e  hu  ge  crystals  ol"  felspar  interspersed  ; 
these  are  deuomiuuled  porphyritic  granites.  JStoaes 

•  Some  writers  ilerivc  the  name  from  geratiitesy  a  word  used  by 
Pliny  to  denote  a  narticular  kind  of  stone ;  others,  with  more  pro- 
babdity,  suppose  tnat  the  name  originated  firom  its  granular  struc- 
tares  grains  of  which  it  is  composed. 
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of  this  kind  are  common  in  the  loot-pavements  of 
London.* 

Felspar  constitutes  by  far  the  large^tt  part  of 
granite:  the  more  common  colours  are  white  and 
red ;  it  is  sometiTnes  in  a  soft  or  decomposing  state, 
and  appears  earthy.  In  some  <^ranite8  the  crystals  ot' 
felspar  are  distinctly  formed.  Quartz  generally  occurs 
in  small  irregular  sha])e(l  grains,  which  have  a  vitre- 
ous lustre.  The  mica  in  granite  occurs  most  com- 
monly  in  small  shining  scales,  which  luc  generally 
either  black,  or  whitish  and  silvery.  It  sometimes 
occurs  in  large  hexagonal  j)lates;  but  this  is  more 
connnonly  the  case  in  the  granite  that  forms  veins  in 
granitic  mountains ;  sucli  veins,  with  large  plates  of 
mica,  are  frequent  near  Aberdeen,  in  Scotland.  Mica 
readily  separates  or  divides  into  thin  transparent 
laminae;  and  where  the  plates  are  very  large,  as  in 
the  Siberian  granite,  it  is  used  instead  of  glass  for 
windows.  This  variety  is  improperly  called  Muscovy 
talc.  Talc  resembles  mica,  but  is  much  softer.  When 
the  grains  of  lelspar  aiul  other  minerals  are  very 
minute  in  granite,  it  can  scarcely  be  distinguished 
ivom  sandstone. 

Beside  tlie  three  minerals,  quartz,  felspar,  and 
mica,  which  were  formerly  considered  as  the  essential 
constituent  parts  of  all  true  granite,  whoever  has 
attentively  examined  various  granitic  districts,  must 
have  frequentlj^  observed,  that  other  minerals  occupy 
the  place  of  mica,  either  in  part  or  entirely.  Thus 
near  the  summit  of  Mont  Blanc,  the  granite  is  com- 
posed of  felspar,  quartz,  and  talc  or  chlojile,  the 

*  Specimens  of  Cornish  and  Scotch  graniics  are  not  difficult  to 

1)rociire  In  London,  as  they  are  commonly  used  for  paving-stones* 
n  the  former  the  felspar  is  white ;  the  mica  appears  like  glistening 
scales  which  have  a  tarnished  semi-metallic  lustre.  The  quartz 
has  a  vitreous  appearance,  and  is  of  a  light  grey  colour.  In  Scotch 
granite  the  felspar  has  more  commonly  a  reddish-brown  colour. 
'I'hc  mica  is  not  unfrcquently  black  and  splendent,  and  may  be 
divided  into  thin  scales  by  the  point  of  a  penknife  :  thi«  cli>tin- 
guUhc*>  it  from  bor(d)lcndc,  which  is  somtitimes  intermixed  with 
this  granite. 
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htter  mineral  supplying  the  place  of  mica.  To  this 
variety  of  granite  the  name  of  protogine  has  impro- 
perly been  given»  whereas  taky  or  chkritk  granite 
woald  at  once  convey  a  distinct  idea  of  its  nature. 

In  some  instances,  hornblende  supplies  the  place  of 
mica,  or  is  intermixed  with  it.  To  this  rock  the 
name  of  sienite  was  given,  because  a  granitic  rock  of 
this  kind  from  Sienna,  in  Upper  Egypt,  was  mucii 
used  by  the  ancients  for  obelisks. 

The  following  varieties  of  granite  are  oflen  associ- 
ated in  the  same  granitic  mountains,  and  may  be 
regarded  as  contemporaneous  with  it,  being  essentially 
the  same  rock,  accidentally  modified  by  an  admixture 
with  other  simple  minerals. 

Cojnmon  Grflwf/^.— Composed  of  quartz,  felspar, 
anil  mica.    The  felsjiar,  white  or  red. 

Porphijritic  Ch^anite,  in  which  large  crystals  of 
tcUpar  occur  in  a  small-grained  granite.  Tluj  granite 
near  Shap,  in  Westmoreiaud,  o^ers  an  excellent  type 
ol'  this. 

Sienite  or  Sieniiic  Granite,  in  which  hornblende, 
either  wholly  or  in  part,  supplies  the  place  of  mica. 
The  granite  of  Malvern,  and  the  Charnwood  Forest 
hills  aflbrd  specimens  of  this  granite. 

Talcy  or  Chloritic  Granite. —  Quartz,  felspar,  and  * 
talc  or  chlorite.  Many  of  the  granitic  mountains 
in  Savoy  are  coinj)oscd  ot"  this  granite ;  and  loose 
blocks  of  it  are  scattered  over  the  valleys  and  on  the 
sides  and  summits  of  the  calcareous  mountains,  in  the 
countries  to  tlie  north  and  north-west  of  the  Alps. 
This  granite  is  by  some  writers  called  protogine. 

FetspatMc  Granite^  in  which  the  felspar  is  the 
principal  ingredient,  and  the  quartz,  and  particularly 
the  mica,  very  rare ;  larger  crystals  of  felspar  occur 
in  it.  It  is  frequently  nearly  white.  To  this  variety 
Werner  has  given  the  name  of  white  stone,  and 
the  French,  eurite.  It  occurs  in  beds  in  common 
granite  in  Cornwall.  In  its  most  compact  form,  it 
becomes  a  porphyry,  and  is  closely  aihed  to  volcanic 
rocks  in  Auvergnc.    Indeed  the  common  granite  of 


ly  u^u  j  cy  Google 


90  ASPECT  OF  GRANITIC  MOUNTAINS. 


Auvergne  I  observed  to  be  chiefly  composed  of 
lelspar  and  quartz  without  mica ;  in  some  parts,  tiie 
mica  was  replaced  by  the  mineral  called  pinite. 

Granite  occurs  in  masses  of  vast  thickness,  which 
are  commonly  divided  by  fissures  into  blocks,  that 
approach  to  rnomboidal  or  pretty  regular  polyhedral 
forms.  Sometimes  a  columnar  structure  may  be 
observed  in  granitic  mountains ;  in  other  instances, 
where  the  quantity  of  mica  is  considerable,  granite 
divi(k?s  into  paralki  layers  or  plates,  that  have  been 
mistaken  for  strata.  Granite  is  occasionally  found 
in  globular  masses,  which  are  composed  of  concentric 
spherical  layers,  separated  by  granite  of  a  less  com- 
pact kind,  and  enclosing  a  haid  or  central  nucleus. 
These  globular  masses  are  often  three  or  four  yards 
or  more  in  diameter,  and  are  either  detached  or  im- 
bedded in  granite  of  a  softer  kind ;  this  structure  is 
not  peculiar  to  granite* 

The  aspect  of  granitic  mountains  is  extremely 
various:  where  the  beds  are  luaily  iiorizontal,  or 
where  the  granite  is  soft  and  disintegrating,  the  sum- 
mits are  rounded,  heavy,  and  unpicturesque.  Wiiere 
hard  and  sofl  granite  are  intermixed  in  the  same 
mountain,  the  softer  granite  is  disintegrated  and  falls 
away,  and  the  harder  blocks  remain  piled  in  con* 
fusion  on  each  other  like  an  immense  mass  of  ruins* 
Where  the  granite  is  hard,  and  the  beds  are  nearly 
vertical,  and  have  a  laminar  structure,  it  forms  lofty 
pyramidal  peaks  or  aiguilles,  that  rise  in  enormous 
spires  ;  such  are  the  aiguilles  in  the  vicinity  of  Mont 
Blanc,  which  are  far  more  interesting,  both  to  the 
picturtscjue  traveller  or  the  geologist,  than  Mont 
Blanc  itsell".  The  Aiguille  de  Dru  is,  perhaps,  the 
most  remarkable  granitic  mountain  at  present  known; 
the  upper  part,  or  spire,  rises  above  its  base  nearly 
to  a  point  in  one  solid  shaft  more  than  four  thousand 
feet ;  the  summit  is  eleven  thousand  fleet  above  the 
level  of  the  sea.* 

♦  A  sliort  (U'scription  of  this  mountain,  with  a  plate,  is  given  in 
the  2d  volume  of  "  Travels"  by  the  author. 


STRUCTURE  OF  MONT  BLANC* 


91 


It  iias  been  observed  in  so  many  situations,  that  it 
may  perhaps  be  regarded  as  a  general  Jaw,  —  where- 
ever  granite  rises  high  above  the  surface  of  the  earth, 
the  strata  of  limestone  or  other  rocks  in  its  vicinity 
rise  towards  it.  Numerous  instances  of  this  occur  in 
the  Swiss  Alps.  In  the  higher  part  of  the  valley  of 
Lautcrbrunn,  in  the  Canton  ol'  Berne,  I  have  seen  a 
bed  of  limestone  in  immediate  junction  w  ith  f^i  anite, 
in  a  perfectly  vertical  position,  like  a  wall  built  up 
against  it ;  but  both  rocks  were  cemented  together 
without  any  perceptible  line  of  parting.  The  lime- 
stone was  extremely  hard,  but  the  parts  in  immediate 
contact  with  the  granite  did  not  difier  in  appearance 
from  the  other  parts  of  the  bed. 

In  many  of  the  highest  mountains  in  the  northern 
or  Swiss  Alps,  granite  is  only  seen  near  their  bases ; 
the  summits  are  composed  of  immense  beds  of  lime- 
stone, and  secondary  stratified  rocks.  In  the  southern 
chain,  or  the  Savoy  Alps,  the  highest  summits  are 
granite ;  indeed  the  highest  known  point  at  w  hich 
granite  has  been  observed  in  any  part  of  the  world 
is  Mont  Blanc  in  Savoy»  the  loftiest  mountain  in  Eu* 
rope,  rising  fifteen  thousand  six  hundred  and  eighty 
feet  above  the  level  of  the  sea,  or  nearly  five  times 
higher  than  any  mountain  in  England  or  Wales.  It 
was  first  ascended  by  Dr.  Pacard  in  1786>  and  after- 
wards by  Saussure,  who  has  published  a  very  in- 
teresting account  of  his  ascent.  Several  persons 
have  since  ascended  this  mountain,  but  Saussure  is 
the  only  traveller  who  has  given  us  any  information 
respecting  its  structure.  I  shall  therefore  insert  a 
brief  account  of  his  observations ;  they  are  highly 
interesting.  He  set  out  from  the  priory  of  Cha- 
mouni)  from  whence  the  distance  to  the  summit  of 
the  mountain^  in  a  direct  line,  is  not  more  than  two 
French  leagues  and  a  (j^uarter:  but  owing  to  the 
difficnlty  of  the  ascent,  it  requires  eigiiteen  hours' 
continued  labour,  cxchjsively  of  the  time  necessary 
for  repose  and  refVeslunent.  The  Hrst  day's  joiu'ney 
was  comparatively  easy,  the  route  being  over  soil 
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covered  with  vegetation,  or  bare  rocks.  The  ascent 
on  the  second  day  was  over  snow  and  ice,  and  more 
difficnit :  at  four  o'clock  in  the  afternoon  of  the  same 
day,  Saussure  and  his  attendants  pitched  their  tent 
on  the  second  of  the  three  great  plains  of  snow  which 
they  had  to  traverse.  Here  they  passed  the  Qigfat, 
fourteen  hundred  and  fifty-five  toises  (or  three  thou- 
sand  one  hundred  yards)  above  the  level  of  the  sea, 
and  ninety  toises  higher  than  the  Peak  of  Tenerifle. 
The  barometer  stood  at  seventeen  inches.  The  next 
morning  they  proceeded  with  much  difficulty  and 
fatigue,  arising  })rincipally  from  tlie  extreme  rarity 
of  the  atmosphere,  which  affected  their  respiration. 
The  upper  parts  of  Mont  Blanc  are  above  the  limits 
of  perpetual  snow,  and  it  is  only  ou  the  sides  of  the 
nearly  perpendicular  peaks  and  escarpments  that  the 
bare  rock  is  visible.  They  gained  the  summit  by 
eleven  o'clock  a.  m.  From  this  elevated  obser- 
vatory," says  Saussure,  **  I  could  take  in  at  one 
view,  without  changing  my  place,  the  whole  of  the 
grand  phaenomenon  of  these  mountains  ;  namely,  the 
jjosition  and  arrangement  of  the  beds  of  w  hicli  they 
are  composed.  W  herever  I  turned  my  eyes,  the  beds 
of  rock  in  the  chains  of  secondarv  mountains,  and 
even  in  the  primary  mountains  of  the  second  order, 
rise  toward  Mont  Bianc  and  the  lofty  summits  in  its 
neighbourhood :  the  escarpments  of  these  beds  of 
rock  were  all  facing  Mont  Blanc»  but  beyond  these 
chains  were  others  whose  escarpments  were  turned 
in  a  contrary  direction.  Notwithstanding  the  irre- 
gularity in  the  forms  and  distribution  of  the  great 
masses  that  surround  Mont  Blanc,  and  those  whicli 
constitute  the  mountain  itsell*,  I  could  trace  some 
features  of  resemblance  not  less  certain  than  im- 
portant. All  the  masses  which  1  could  see  were 
composed  of  vertical  plates  {Jemllels)^  and  the  greater 
part  of  these  plates  were  ranged  in  the  same  direction, 
irom  north-east  to  south-west.  I  had  particular  plea- 
sure in  observing  the  same  structure  in  the  lofty  peak 
of  granite  called  the  Col  du  Midi^  which  I  bad 
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iormerly  endeavoured,  but  in  vain,  to  approacli,  be- 
ing prevented  by  inaccessible  walls  of  granite*  After 
the  second  day's  ascent, 'this  lofty  pinnacle  was  be- 
D^th  me ;  and  I  fully  convinced  myself  that  it  is 
entirely  composed  of  magnificent  plates  (lames)  of 
granite,  perpendicular  to  the  horizon,  and  ranging 
from  cast  to  west.  I  had  formerly  been  induced  to 
believe  that  these  plates  were  folded  round  the  peak, 
like  the  leaves  of  an  artichoke,  but  this  was  an  opti- 
cal illusion,  when  seen  imperfectly  from  below :  here, 
where  the  eye  could  as  it  were  dart  down  into  the 
interior  structure  of  the  mountain,  the  plates  of  rock 
appeared  regularly  parallel  in  a  direct  line.  I  was 
alao^'*  says  Saussure,  particularly  desirous  of  ascer* 
taining  whether  the  vertical  beds  were  composed 
of  the  same  substances  at  their  summits  as  at  their 
bases,  where  I  had  so  frequently  inspected  them ; 
and,  I  am  perfectly  satisfied,  from  actual  examination, 
that  they  preserve  the  same  nature  through  their 
whole  extent,  and  are  the  same  at  the  summit  as  be- 
low."*   Voyages  dans  les  Alpes,  torn,  iv. 

The  inference  drawn  by  Saussure,  respecting  the 
vertical  position  of  the  beds  of  granite  that  compose 
a  principal  part  of  Mont  Blanc  and  the  adjoining 
mountains,  is,  that  they  were  originally  horizontal, 
and  have  been  subsequently  elevated  by  some  tre- 
mendous conv  ulsion  of  nature.  The  summit  of  Mont 
Blanc,  he  savs,  must  at  one  time  have  been  more 
than  two  leagues  under  the  surface.  To  the  same 
convidsion  he  also  attributes  the  position  of  the  es- 
carpments or  steep  sides  of  the  rocks  which  face 
Mont  Blanc  for  a  considerable  extent,  and  then  turn 

•  The  extreme  fatigue  and  exhaustion  which  Saussure  expe- 
rienced during  the  ascent  of  Mont  Blanc,  is  supposed  to  binre 
aliffidged  the  life  of  this  active  and  intelEgent  philosopher.  It  may 
amuse  the  reader  to  be  told,  that  Saussure  during  his  excursions 
in  the  Alps,  wore  a  full-dressed  scarlet  coat  and  gold-iaccd  hat. 
He  informs  us,  that  wlicn  hv  was  seated  on  Mont  Breven,  the  lace 
of  his  hat  attracted  the  electric  fluid  from  a  |)a8sing  cloud,  and 
occasioned  a  liissing  sound.    Tempora  muiantur,  et  nos,  &c. 
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fliom  it  in  an  opposite  direction.  This  would  be  the 
case  had  the  surface  of  the  globe  been  broken  and 
elevated  in  the  manner  he  supposes.    There  is  a 

circumstance  stated  by  Saussure,  which  tends  stron^'ly 
to  confirm,  if  not  absolutely  to  prove,  the  truth  oi  his 
hypotliesis.  Some  of  the  vertical  beds  of  rock  ad- 
jacent to  the  granite  contain  round  pebbles,  boulders, 
and  water-worn  pieces  of  the  lower  rocks.  See  ob- 
servations on  these  bed8»  Chap.  IV.  It  is  impossible 
to  conceive  that  those  rounded  fragments  could  have 
been  placed  in  a  vertical  position  j  for,  if  they  be 
really  pebbles  and  boulders,  the  beds  on  which  they 
occur  must  originally  have  been  nearly  horizontal 
Now  as  these  beds  are  at  present  placed  between 
others  which  are  also  vertical,  an  J  in  the  same  range, 
it  follows,  that  the  whole  have  been  overturned  and 
thrown  up,  at  a  period  subsequent  to  their  form- 
ation. • 

The  Uimmaleh  Mountains  in  the  centre  of  Asia, 
rise  ten  thousand  feet  higher  than  any  mountains  in 
the  Alps,  but  where  their  summits  are  uncovered  by 
snow,  they  are  believed  to  be  composed  of  secondary 
strata. 

Many  of  the  mountains  in  the  extensive  range  of 

the  And6s  in  South  America  also  rise  much  higher 
than  Mont  Blanc  5  but  granite  has  not  been  found 
there  in  a  greater  elevation  than  eleven  thousand 
five  hundred  I'eet,  an  elevation  exceeded  by  many  of 
the  granite  mountains  in  Europe.  The  range  ol  t!ie 
And^  is  the  seat  of  active  volcanic  fires,  which  ap- 
pear to  have  covered  the  primary  mountains  with  an 
immense  mass  of  matter,  ejected  by  ancient  and  re- 
cent eruptions.  In  Mexico  and  New  Spain  also,  the 
granite  appears  to  be  nearly  covered  by  basalt,  por- 
])hyry,  and  lava,  ejected  from  the  numerous  vol- 
canoes wliich  now  exist,  or  have  existed,  in  those 
coun  tiles. 

•  ijaus&urc  says  expressly,  that  the  boulders  in  the  rocks  nCBT 
Mont  Blanc  ere  precisely  similar  to  the  boulders  on  Uie  shores  of 
die  lake  of  Geneva. 
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To  this  accumalatioti  of  volcanic  matter  the  moun-* 
tains  in  South  America  owe  their  superior  elevation. 
Chimborasso  and  Cayambo  are  nearly  the  highest 
mountains  in  the  Andes, —  the  former  rises  twenty, 
one  thousand  four  hundred  and  forty  I'eet, —  but  thuir 
summits  are  vast  cones,  composed  of  volcanic  produc- 
tioDS  covered  with  snow.  Chimborasso  is  one  mile 
and  one  hundred  and  sixty  yards  hij^her  than  Mont 
Blanc.  The  general  arrangement  of  the  And^  con- 
sisCa,  according  to  HumbDldtt  of  granite,  gneiss, 
mica,  and  clay-slate,  9s  in  the  Alps ;  but  on  these 
are  frequently  laid  porphyry  and  basalt,  "  arranged 
in  the  form  of  regular  and  immense  columns,  which 
strike  the  eye  of  tlie  traveller  like  the  ruins  of  enor- 
mous  castles  lifted  into  the  sky.'* 

In  the  eastern  parts  of  the  United  States,  and  in 
Canada,  granite  is  seen  near  the  surface  uncovered 
by  other  rodcs,  and  does  not  rise  to  any  great  ele- 
vation. The  constant  occurrence  of  ^ntte  at  a 
lower  level  in  America  than  in  Europe>  is  a  remark- 
able geological  fact  In  Europe  the  central  part  of 
the  principal  mountain  ranges  are  granite;  as  in 
Scandinavia,  the  Alps,  the  Pyrenees,  and  the  Carpa- 
thian mountains.  In  Asia,  granite  forms  a  con- 
siderable part  of  the  Uralian  and  Altaic  range  of 
mountains,  and  it  appears  to  compose  tlic  principal 
mountains  that  have  been  examined  in  Africa. 

The  parts  of  England  and  Wales  where  granite 
and  granitic  rocks  occur  arc  Cornwall,  Devonshire, 
North  Wales,  Anglesea,  the  Malvern  Hills  in  Wor- 
ceaterBhire^  Chamwood  Forest  in  Leicestershire,  and 
in  Cumberland  and  Westmoreland.  Granite  rises 
near  the  bottom  of  Skiddaw  in  Cumberland.  The 
granite  near  Shap  in  Westmoreland  is  porphyritic, 
containing  large  crystals  of  red  felsj)ar.  There  are 
rolled  masses  of  granite  on  the  banks  of  Ulswater 
resembling  the  granite  of  some  parts  of  Cornwall, 
and  of  the  Wickiow  Mountains  in  Ireland,  but  more 
highly  crystalline  than  the  latter.  The  felspar  is  in 
laige  white  and  reddish-white  crystals.    The  mica 
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is  a  blackish-green,  and  on  the  outer  parts  decom- 
posed. I  am  inclined  to  believe  that  the  same  form- 
ation of  granite,  which  just  makes  its  appearance  on 
the  western  side  of  England  and  Wales,  is  continued 
under  the  Irish  Channel  ;  or,  if  broken  there,  it  rises 
again  in  the  Isle  of  Man,  and  in  the  counties  of  Dub- 
lin and  Wicklow  in  Ireland.  Blocks  of  granite  are 
found  in  the  beds  of  some  of  the  rivers  in  the  north- 
west part  of  Yorkshire,  and  in  clay-pits  in  Lanca- 
shire and  Cheshire,  at  a  great  distance  from  any 
granite  mountains.  Most  of  the  granitic  rocks  on 
Charnwood  Forest  are  of  that  kind  denominated 
sienite.*  Among  the  English  localities  of  granite,  I 
have  recently  ascertained,  that  both  granite  and  im- 
perfect gneiss  rise  to  the  surface  near  Bedworth  in 
Warwickshire,  evidently  a  continuation  of  the  Churn- 
wood  granite. 

Granite  sometimes  forms  veins  shooting  up  into 
the  superincumbent  rocks.  This  is  a  fact  of  some 
geological  importance,  as  it  seems  to  indicate,  either 
that  the  granite  has  been  in  a  state  of  fusion,  the  heat 
of  which  has  softened  and  rent  the  upper  rocks,  and 
forced  up  the  granite  in  a  melted  state  into  these 
fissures ;  or  else  that  the  granite  and  the  rocks  rest- 
ing immediately  upon  it  were  both  in  a  fluid  state  at 
the  same  time,  and  are  contemporaneous.  A  remark- 
able instance  of  granitic  veins  in  argillaceous  schistus 
at  Mousehole,  in  Cornwall,  is  described  in  Dr. 
Thomson's  Annals  of  Philosophy,  May,  1^1^- 
*•  The  schistus  is  of  a  greyish  colour,  rather  hard, 
but  breaks  in  large  fragments  in  the  direction  of 
the  strata.    The  granite  is  of  a  fine  grain,  and  the 

•  According  to  Brongniart,  granite,  sienite,  and  porphyry>  are 
frequently  observed  graduating  into  each  other  in  some  parts  oi 
France ;  and  he  forms  this  conclusion ;  —  "  En  etudiant  les  graiutL'S 
d'un  grand  nombrc  de  pays  pour  tacher  de  distingucr  clairement  Ics 
anciens  granites  des  nouveaux,  on  trouve  presque  peu  de  pays 
granitiques,  qu'on  puisse  rapporter  avec  certitude  a  cette  anciennc 
et  primitive  formation  des  granites."    Journal  des  Mities,  Mafh 
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febpar  ib  of  a  light  flesh  colour^  and  contains  but  a 
small  portion  of  mica.  At  the  junction,  numerous 
veins  of  granite  may  be  traced  from  the  rock  of  gra* 
nite  into  the  schist    Some  of  these  veins  may  be 

observed  upwards  of  fifty  yards,  till  they  are  lost  in 
the  sea,  and  in  point  of"  size,  vary  from  a  loot  and  a 
half  to  less  than  an  inch.  It  may  deserve  notice,  that, 
as  tiie  felspar  is  of  a  flesh  colour,  it  is  impossible  for 
any  observer  to  consider  them  as  quartz  veins :  one 
of  these  large  veins  is  dislocated,  and  heaved  several  • 
feet  by  a  cross  course.  Quartz,  and  fragments  of 
schistus  having  the  appearance  of  veins,  are  found  in 
tiie  granite  veins.  At  one  place  there  is  a  very  cu- 
rious  and  satisfactory  phenomenon.  One  of  these 
veins  of  granite,  after  proceeding  vertically  some 
distance,  suddenly  forms  an  angle,  and  continues  in 
SL  direction  nearly  horizontal  for  several  feet,  with 
schistus  both  above  and  below  it.  This  appearance 
most  completely  destroys  one  of  the  theories  sng- 

Sested  for  the  explanation  of  similar  veins  at  St. 
fichael's  Mount,  viz.  that  a  ridge  of  projecting 
granite  had  been  left,  and  schistus  deposited  after- 
wards on  its  sides." 

In  1816  I  visited  the  place,  whicii  is  close  by  the 
sea-side,  at  low  water,  and  observctl  some  appear- 
ances which  I  believe  have  not  hitherto  been  noticed. 
The  junction  of  the  granite  rock  and  the  schist  n.ay 
be  distinctly  seen  :  they  form  together  a  sloping  beach 
uncovered  by  any  fragments:  the  line  of  junction  is 
waving  from  the  coast  into  the  sea,  as  represented 
Plate  II.  fig.  3.,  G.  the  granite,  s.  the  schist. 

It  is  truly  worthy  of  notice,  that  the  veins  of  gra- 
nite may  be  distinctly  seen  penetrating  both  the 
schist  and  the  granite ;  for  the  granite  in  the  veins 
is  finer-grained  than  the  granite  rock,  and  mav  as 
easily  be  distinguished  in  the  granite  as  in  the  schist. 
The  granite  rock  itself  is  smaller-grained  near  the 
line  of  junction  of  the  two  rocks,  than  it  is  a  little 
distance  from  it,  where  it  contains  large  white  crystals 
oi  felspar  in  a  smaller-grained  reddish  granite.  What 
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is  further  remarkable,  the  largest  granite  vein,  in  pass- 
ing into  the  schist,  cuts  through  a  vein  of  quartz 
thicker  than  itself;  and  a  few  yards  nearer  the  sea, 

a  small  quartz  vein  cuts  through  the  same  granite 
vein  :  see  PhUe  II.  fig.  3.  What  is  calleil  the  scliist 
or  kiUas  in  Cornwall,  in  the  places  where  1  have 
observe{l  it  in  immediate  junction  with  granite,  is 
highly  indurated  and  of  a  daik  colour,  and  appears  to 
have  been  changed  by  the  junction  :  it  has  no  appear, 
ance  of  slate;  —  indeed  the  diminished  size  of  the 

Sains  of  granite,  as  the  latter  approaches  the  killas  at 
ousehole,  would  indicate  that  the  two  rocks  were 
'  passing  into  each  other.    Perhaps  the  best  designa- 
tion of  the  killas  rock  on  this  situation  is,  that  of  a 
minutely  grained  and  highly  niduiated  gneiss,  tiiat 
had  lost  its  schistose  character.* 

Granite  veins  of  large  size  traverse  rocks  ot'smaiU 
grainetl  granite  and  gneiss  in  the  vicinity  of  Aber- 
deen :  in  these  veins  both  the  iel&par  and  mica  oc- 
cur in  crystalline  plates  and  lamime  of  considerable 
magnitude,  accompanied  with  tourmaline.  At  Glentilt 
in  Scotland,  a  singular  intermixture  of  granite  in 
veins  and  amorphous  masses,  occurs  with  slate  and 
limestone,  and  has  been  described  by  Dr.  Mac  Cul- 
loch  in  the  Geological  Transactions,  vol.  i.  page  14f5. 
It  seems  impossible  to  conceive  how  masses  ot  granite 
could  be  intermixed  with,  or  imbedded  in  limestone, 
without  athnitting  that  tlic  two  substances  have  been 
both  in  a  tiuid  or  scmi-tiuid  state  at  the  same  time; 
and  we  are  not  acquainted  with  any  cause  which 
could  effect  a  simultaneous  fusion  of  both  rocks,  ex- 
cept heat  combined  with  pressure. 

Some  geologists  describe  the  granite  under  gneiss, 
and  the  granite  over  gneiss  as  different  formations  ; 
but  as  gneiss  is  itself  a  schistose  granite,  it  would  be 
more  correct  to  state,  that  the  massive  and  schistose 
granite  sometimes  occur  altciiiaung  witii  each  other. 

*  Some  obsenratioiiB  oo  Uie  gedksical  blerence^  which  may  be 
drawn  fVntii  these  granite  Tebs,  will  be  foand  at  the  end  of  the 
|>resi>al  Uiapter. 
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When  the  mica  becomes  abmidanti  the  granite  passes 
to  the  state  of  gneiss ;  when  the  felspar  and  quartz 
predominate,  it  becomes  again  massive  or  common 
granite. 

M'hat  has  been  said  respecting  tlie  alternation  of 
gneiss  and  granite,  will  aj)ply  to  the  alternation  of 
granite  and  mica-slate.  In  the  hitter,  the  felspar  is 
wanting  ;  but  if  it  rc-appear,  it  becomes  either  gra- 
nite or  gneiss.  Mica-slate  also  ])asses  by  such  insen- 
sible gradations  into  slate,  that  the  occasional  occur- 
rence of  granite  in  some  ancient  slate-rocks,  may 
admit  of  a  similar  explanation. 

There  is  a  particular  form  of  granite,  in  which  the 
constituent  parts  are  so  minute  and  so  intimately 
mixed,  that  it  appears  very  minutely  granular  or  even 
compact  :  to  this  variety  the^  French  geologists  have 
giveti  tlie  name  oi  Kurite ;  it  has  gonerallv  been  de- 
scribed by  English  geologists  as  Compact Jclspar^  into 
which  it  passes  by  insensible  gradations.  This  rock 
frequently  contains  imbedded  crystals  of  felspar,  and 
forms  what  has  been  denominated  felspar-porphyry. 
In  Cornwall  it  occurs  in  beds  in  common  granite ; 
but  instead  of  being  regarded  as  a  different  rock,  it 
may  be  more  properly  classed  by  the  geologist  with 
granite,  being  only  a  variety  in  which  felspar  greatly 
predominates.  This  rock  occurs  also  in  an  uncon- 
formable position,  and  is  generally  described  as  por- 
phyry, and  appears  to  form  a  connecting  link  be- 
tween common  granite  and  the  coni])act  varieties  of 
volcanic  porphyry,  with  a  base  of  iieispar  called  by 
the  French  Trachyte. 

Sienitic  granite,  in  which  the  mica  is  partly  or 
entirely  replaced  by  hornblende,  in  some  situations 
occurs  with  common  granite  in  the  same  bed,  and 
therefore  must  be  regarded  as  a  variety  of  granite. 
Instances  of  this  change  i'vom  granite  to  sienite  iii 
the  same  rock,  I  have  frequentiv  observed  in  the 
jrranite  of  Charnwood  Forest,  the  same  change 
may  also  be  noticed  in  the  granite  of  the  Malvern 
Hills.     That  able  and  accurate  observer  Dr.  Mac 
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CuUoch  maintains  the  identity  of  granite  and  sienite, 
from  their  freqiK^nt  passage  into  each  other  in  the 
.  same  rocks  in  Scotland.  When  the  hornblende  be- 
comes abundant,  and  is  closely  intermixed  with  fel- 
spar, it  forms  a  dark  finely  granular  rock,  which  has 
been  denounnated  trap  or  greenstone  :  it  nearly  re- 
sembles basalt.  In  the  Cliarnwood  Forest  hills,  and 
at  Shap  in  Westmoreland,  well  tlefined  granite  may 
be  seen  passing  into  a  dark  coloured  trap-rock  nearly 
compact.  I  have  even  broken  off'  hand  specimens 
in  which  one  part  was  granite  and  the  other  trap, 
and  the  passage  from  one  to  the  other  might  be  dis- 
tinctly observed. 

The  crystallised  earthy  minerals  which  occur  most 
frequently  in  granite,  are  schorl  or  tourmaline,  and 
pinite,  a  mineral  nearly  allied  to  mica,  —  the  emerald, 
corindon,  axinite,  and  topaz,  are  also  found  occa- 
sionally in  granite.  Sometimes  the  tourmaline  is  so 
abundantly  disseminated,  as  to  form  a  constituent 
part  of  the  rock. 

Common  granite,  or  massive  granite,  contains  few 
beds  of  any  other  rock,  nor  is  it  rich  in  metalhc  ores. 
Tin  ore,  however,  chiefly  occurs  in  granite,  either  in 
veins  accompanying  (|iiartz,  or  disseminated  througii 
the  rock  at  a  distance  from  the  veins.  Ores  of  other 
metals,  as  copper,  iron,  wolfram,  bismuth,  and  silver, 
are  also  occasionally  found  in  granite. 

Granite  supplies  durable  materials  for  architecture, 
but  it  varies  much  in  hardness,  and  care  is  required 
in  its  selection.  I  was  told,  when  in  Cornwall,  that 
^anite  got  from  a  considerable  depth  in  the  quarry 
is  so  soft  when  it  is  first  raised,  that  It  can  be  easily 
sawed  into  blocks,  but  it  soon  acquires  great  hardness 
by  exposure  to  the  air.  In  the  mountains  of  Auvergne, 
the  granite  is  extremely  soft,  and  the  felspar  appears 
earthy  J  this  is  probably  the  original  state  of  the 
stone.  1  believe  it  is  tiie  soft  earthy  granite  from 
this  district,  which  supphes  the  kaolin  used  in  the 
porcelain  manufacture  at  Sevres.  Mens.  Brongniart, 
who  obligingly  accompanied  me  through  the  works. 
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showed  me  a  specimen  of  their  best  kaolin :  it  con- 
tained  crystals  of  pinite.  I  had  recently  arrived  from 
Auvergne,  and  1  thought  I  recognised  its  locality. 

Granite  is  regarded  as  the  foundation  rock  on 
which  all  other  rock  formations  rest,  and  has  hence 
been  called  the  most  ancient  formation  ;  but  if  the 
age  of  a  rock  is  to  be  dated  from  the  period  in  which 
it  became  consolidated,  the  inference  respecting  its 
relative  antiquity  would  not  he  conclusive.  Accord- 
ing to  the  Huttonian  theory,  granite  is  made  of  the 
melted  crust  of  a  former  world,  and  the  fusion  may 
have  taken  j)lace  after  this  ancient  crust  was  covered 
with  the  upper  rocks  ;  but,  admitting  that  it  has  been 
fused  under  pressure,  the  matter  that  now  constitutes 
granite  must  have  existed  in  some  mode  or  other,  and 
nave  served  as  the  foundation  for  the  rocks  that  are 
upon  it.   If  we  date  the  age  of  granite  from  the 
period  of  the  elevation  of  granite  mountains,  we  must 
admit  that  some  granite  mountains  are  comparatively 
recent,  for  they  have  been  elevated  since  the  depo- 
sition of  the  secondary  strata.    I  have  sliown  this  to 
be  the  case  with  the  granite  of  the  Bernese  and  Savoy 
Alps,  in  my  Travels  in  the  Tarentaise,  &c.  published 
in  1823.    In  the  third  edition  of  the  present  work 
in  1828,  I  have  also  shown,  by  a  description  and  sec- 
tions, that  the  elevation  of  the  granite  of  Savoy  is  more 
recent  than  that  of  the  central  part  of  England,  M. 
Elie  de  Beaumont  has  since  adopted  the  same  views, 
and  has  extended  them  to  other  mountain  ranges. 
Professor  Sedgwick  and  Mr.  Murchison  have  furtlier 
proved,  that  a  great  ])art  of  the  Tyrolean  and  Bava- 
rian Alps  was  elevated  suice  the  deposition  of  tertiary 
strata  ;  for  these  strata  arc  lifted  up  with  them,  to 
the  height  of  several  thousand  feet. 

Here,  however,  we  must  also  admit  that  the  ma- 
terial w  hich  form^  granite,  is  more  ancient  than  the 
strata  that  rest  upon  it. 

Whether  granite  ever  formed  at  one  time  the 
atony  pavement  of  the  whole  globe,  or  whether  it 
was  elevated  in  a  solid  state  bodily^  or  whether 
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diflibrent  parts  of  the  surface  were  fused  at  different 
epochs,  are  legitimate  objects  of  geological  inquiry, 
and  may  perhaps  admit  of  a  satisfactoj  y  solutiou  by 
extended  series  of  observations.  Id  whatever  state 
granite  forms,  or  has  formed^  tlic  ancient  crust  of  the 
globe,  it  has  been  since  pierced  through,  by  ancient 
and  recent  igneous  rocks.  Thus  porphyry  cuts 
through,  and  in  some  parts  covers  granite^  on  the 
west  side  of  Scotland  from  Inverary  to  Ben  Nevis. 

Volcanic  rocks,  and  streams  of  lava,  of  a  recent 
geological  epoch,  pierce  through  and  have  poured 
over  the  granite  of  Auvergne,  and  a  large  part  of 
central  France.  Some  of  the  currents  of  lava  appear 
as  fresh  as  the  recent  currents  Irom  Etna  or  Vesuvius. 
In  other  parts  of  Auvergne  the  granite  appears  to  have 
been  acted  upon  by  subterranean  fire  in  silu$  and  in 
some  mountains,  as  in  the  Puy  de  Chopine  nearRiom, 
granite  and  volcanic  rocks  are  intermixed,  one  part 
being  true  granite  and  the  other  volcanic  porph}  ry 
(trachyte).* 

These  volcanoes  ha\  e  long  been  dormant ;  and  the 
only  remaining  proofs  of  the  existence  of  subterra- 
nean fires  under  that  district,  arc  the  hot  springs  that 
rise  in  the  vicinity  of  the  ancient  volcanoes.  Accord- 
ing to  Humboldt,  in  the  Canary  Islands,  as  well  as 
in  the  Andes  of  Quito,  in  Greece,  and  various  parts 
of  the  world,  subterranean  fires  have  pierced  through 
the  primary  rocks }  and  he  adduces  the  great  number 
of  warm  springs  which  he  has  seen  issuing  from 
granite,  gneiss,  and  mica*slate,  as  a  proof  of  this 
opinion.  Indeed,  in  the  Andes,  numerous  volcanoes 
are  in  present  activity,  from  Cape  Horn  to  Mexico; 
and  it  is  probable  that  those  mountains  owe  their 
elevation  to  subterranean  fire;  for  \ve  have  a  recent 
instance  of  tlic  mighty  power  of  this  agent  to  up- 
heave the  crust  of  the  globe.  During  the  earthquake 
in  Chili  in  November^  18^^,  the  whole  line  oi  coast, 

•  See  **  Travels  in  the  Tarentaiie  and  Auvergne,"  vol.  S. 
p.  967. 
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running  north  and  south  from  Valparaiso,  to  the 
distance  of  one  liundred  miles,  was  raised  above  its 
former  level,  the  bottom  of  the  sea  was  laid  dry, 
and  shells  were  discovered  sticking  to  the  rocks* 
some  of  which  were  not  before  known  in  those  seas. 
It  is  stated  by  an  observer,  that  the  whole  country, 
from  the  coast  to  the  feet  of  the  Andes,  and  even 
fiu"  out  to  sea,  was  permanently  raised  by  the  earth- 
quake :  the  greatest  rise  was  about  two  miles  ^om 
the  shore.  The  granite  which  forms  the  foundation 
rock  was  rent  in  parallel  fissures.  Tlie  earthquake  is 
estimated  to  have  extended  over  an  area  of  one 
Jiiuuired  thousand  miles.  The  average  rise  of  tiie 
land  upon  the  coast  was  from  two  to  five  teet ;  at  the 
distance  of  a  nnie  from  the  shore  inland,  the  elevation 
was  seven  feet* 

During  my  residence  in  Savoy  and  Switzerland,  in 
tbeyem  18^0,  1821,  and  18^^,  I  was  desirous  to 
ascertain  whether  there  were  any  vestiges  of  the 
action  of  subterranean  fires  in  the  Alps,  In  the  part 
of  the  great  southern  chain,  extending  from  near  the 
source  of  the  Rhone  to  the  Little  St.  Bernard,  there 
do  not  occur  in  the  numerous  situations  which  1  ex- 
amined, or  from  which  I  have  seen  specimens,  any 
minerals  of  a  volcanic  character,  with  the  doubtful 
exception  of  some  rocks  in  the  valley  of  Saass  and  in 
the  Valorsine. 

Though  I  could  observe  no  indications  of  volcanic 
fire  in  the  rocks  themselves,  I  was  greatly  surprised 
with  a  circumstance  that,  as  far  as  1  know,  had 
escq>ed  the  attention  of  geologists.  Along  the  whole 
Kne  of  Alps  befivre  mentioned,  which  extends  for  one 
hundred  and  twenty  miles,  numerous  hot  springs  are 
gushing  out  at  the  feet  of  the  primary  mountains 
near  the  junction  of  the  lowest  secondary  limestone, 
with  scliistose  rocks  passing  into  mica  and  talcous 
slate.  It  was  known  that  a  few  tiiermal  waters 
existed  in  the  Valois  and  in  Savoy,  but  tliey  were 
regarded  as  isolated  pha&nomena,  and  their  geo- 
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lo^cal  pomtion  had  not  been  attended  to.  Since 

►Suussure  visited  tlie  Alps,  thermal  waters  have  been 
discovered  in  various  situations ;  and  since  I  left 
Savoy,  anotlier  considerable  warm  sprino:  has  been 
opened  in  the  vicinity  of  the  village  of  Chamouni, 
near  the  foot  of  a  glacier. 

There  is  also  further  reason  to  believe  that  thermal 
waters  would  be  found  in  all  the  deep  valleys  of  the 
Alps  near  the  junction  of  the  primary  and  secondary 
rocks,  were  they  not  covered  by  ibwiements  under 
heaps  of  loose  stones  (as  was  the  case  with  the  warm 
baths  in  the  valley  of  Bagnes  in  the  Bas  Valois) ;  or 
were  not  the  temperature  of  the  warm  springs  re- 
duced by  admixture  with  torrents  from  the  glaciers. 

In  vol.  i.  ch.  8.  of  my  **  Travels  in  Savoy,"  1  have 
described  tlic  geological  position  of  nine  of  the 
priiKMjKil  known  thermal  waters  of  the  Alps;  their 
temperature  varies  from  \}\°  to  VZi)^  Fahreniieit. 
The  quantity  of  water  which  issues  from  these  springs 
is  very  considerable ;  and  the  thawing  of  the  bottom 
of  the  glaciers  during  intense  frost  may,  I  believe^  be 
attributed  to  the  action  of  thermal  waters.  On  the 
Italian  side  of  the  same  range  of  Alps,  particularly 
at  St  Didier,  near  the  steep  southern  escarpment 
of  Mont  Blanc,  there  are  several  thermal  waters  ;  and 
I'm  ther  west  tliaii  tlie  hot  springs  at  Aix  m  Savoy, 
other  hot  springs  Iiavc  been  recently  discovered  near 
Grenoble,  It  thus  seems  probable,  that  there  still 
exists,  under  tliis  range  of  the  Alps,  one  common 
source  ot'  heat,  to  the  agency  of  which,  in  remote 
ages,  tlie  mountains  originally  owed  their  elevation; 
for  we  can  scarcely  doubt  that  the  hot  springs  in  the 
Alps,  like  those  in  Auvergne,  in  Italy,  or  Iceland, 
derive  their  great  temperature  from  subterranean 
tire»  This  inierence  is  farther  supported  by  the  well 
autlienticated  fact,  that  the  districts  in  which  ibe  hot 
springs  arc  situated  have  been  subject  to  great  and 
fi*equent  convulsions.  In  the  year  l/oo  the  ground 
in  the  \  ieinity  of  the  hot  springs  of  Leuk  and  Naters 
ia  tlic  Upper  V  alois,  was  agitated  w  iiii  eartliquakes 
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every  day  from  the  1st  of  "Nrovcml>er  to  the  QJtli  of 
february.  Churches  were  thrown  down,  the  springs 
were  dried  np,  and  the  waters  of  the  Rhone  were 
observed  to  boil  in  several  places.  The  mountain 
above  the  warm  spring  at  NaterSy  is  said  to  have 
opened  and  discharged  a  quantity  of  hot  water. 

The  hot  springs  at  the  feet  of  the  Pyrenees  pro- 
bably derive  their  temperature  from  the  same  source 
as  those  of  the  Pennine  Alps.  Hot  spiiiii^s  also 
occur  in  Dauphiny  and  Provence  which  have  pro- 
bably a  similar  source  of  heat. 

What  has  been  here  advanced  mav  be  sufficient 
to  show  the  high  probability,  that  the  elevation  of 
the  vertical  beds  in  the  Alps  has  been  effected  by 
subterranean  heat»  —  an  agent  which  we  have  direct 
proof  has  in  our  own  times  elevated  considerable 
portions  of  the  crust  of  the  globe ;  and  it  were  con- 
trarjr  to  the  rules  of  sound  philosophy  to  seek  for 
other  causes  than  those  which  are  now  existing, 
when  such  causes  are  adequate  to  the  production  of 
the  phainomcna  wc  observe. 

Two  cases  are  mentioned  hy  M.  Elie  de  Beaumont, 
in  the  **  Memoires  de  la  Socidt^  d'Histoirc  Naturelle," 
torn,  v.,  of  granite  cutting  through  and  covering 
secondary  rocks ;  such  cases,  however,  demand  the 
Strictest  scrutiny  before  the  fact  can  be  regarded  as 
well  established.  In  the  •*  Bulletin  de  la  Soci6t6 
Gtologique  de  France/'  torn,  ii.,  a  section  is  given  of 
the  Jungfrau  Mountain,  in  the  canton  of  Berne,  re- 
presenting two  cone-shaped  masses  of  limestone  pe* 
netrating  the  gianite  near  the  summit.  1 5*pent  some 
weeks  alniost  close  to  the  mountain,  and  studied  its 
structure  wilh  particular  attention,  and  I  have  no 
hesitation  in  expressing  a  decided  opinion  that  the 
section  is  fallacious.  The  part  represented  as  })ene- 
trated  by  the  limestone,  is  concealed  by  a  covering  of 
eternal  snow.  The  granite  which  the  author  impro- 
perly calls  gneiss  is  small  grained :  near  the  foot  of 
the  Jungfrau,  in  the  upper  part  of  the  valley  of  Lau- 
terbfun,  I  observed  a  vertical  junction  of  limestone 
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and  o^ranite.  If  cone-shaped,  protruding  masses  of 
limestone  are  observed  in  any  j)ai't  of  tlie  mountain, 
they  are,  I  am  persuaded,  mere  spurs  Irom  the  lime- 
stone on  the  north  side,  and  cover  the  granite,  but 
do  not  penetrate  into  it.  The  penetration  of  granite 
into  linu'stone  represented  in  fig.  2.  ot"  the  same  plate^ 
is  far  more  probable  and  intelligible. 

Granite  veins,  in  some  instances,  serve  to  explain  the 
occurrence  of  granitic  masses  occasionally  coveriog 
strata  of  more  recent  origin.  Some  granite  veins  may 
be  nearly  contemporaneous  with  the  granite  itself,  or  at 
least  with  its  solidification.  Large  chasms  or  fissures 
formed  while  the  mass  was  cooling,  may  have  been 
filled  with  eruptions  of  fluid  granite,  which,  in  slowly 
refrigerating  without  disturbance,  may  have  allowed 
the  chemical  affinities  to  separate  the  constituent 
parts  into  larger  ci}  stals  than  what  occur  in  the  mass. 
Thus  in  tlie  granite  veins  in  the  vicinity  of  Aberdeen, 
the  felspar  and  mica  are  crystallised  in  distinct  con- 
cretions  of  very  considerable  size.  At  Mousehole  in 
Cornwall  (before  referred  to)  the  granite  veins  are 
composed  of  very  small-grained  granite,  which  have 
penetrated  both  the  granite,  and  the  schist  which 
covers  it,  at  a  period  subsequent  to  the  consolidation 
both  of  the  granite  and  the  schist.  Now,  if  granite  be 
the  foundation  rock  on  which  other  formations  rest, 
in  almost  every  part  of  the  globe  that  has  hitherto 
been  examined,  we  need  not  be  surprised,  if  subter- 
ranean heat,  which  is  so  extensively  operative,  has  in 
some  situations  melted  the  granite  already  consoli- 
dated, and  forced  a  portion  ot  that  rock,  in  a  state  of 
fusion,  over  the  upper  strata.  It  is,  however,  pro- 
bable, from  reasons  that  will  be  afterwards  stated, 
that  the  f^rm  which  granite  would  take,  on  its  second 
consolidation,  would  be  generally  that  of  porphyry. 
This  in  many  instances  is  only  a  very  fine-grained 
granite,  approaching  to  the  state  of  a  compact  rock, 
in  wliich  larger  crystals  of  felspar  are  imbedded. 
Porphyry  of  this  kind  is  not  un  frequently  associated 
withgranite:  porphyry,  in  other  instances,  is  intimately 
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connected  with  trap  rocks,  as  will  afterwards  be 
shown.  It  has  already  been  noticed,  that  volcanic 
fires  have  pierced  through  the  granite  of  Auvergne, 
and,  in  some  instances,  the  granite  has  been  partially 
iiised,  and  raised  up  in  rounded  or  dome-shaped 
mountains;  the  granite  having  been  changed  into 
trachyte  or  volcanic  porphyry.  This  change  or  re- 
formation of  granite  may,  in  some  instances^  have 
taken  place  at  a  recent  geological  epoch ;  but  it  does 
not  appear  to  me  to  oppose  the  propriety  of  classing 
granite  as  the  first  primary  foundation  rock.  Granite 
is  too  extensively  spread  over  the  globe,  as  the  lowest 
accessible  rock,  to  admit  of  our  regarding  jt  as  an 
accidental  protruded  mass,  sometimes  found  under 
other  rocks  more  ancient  than  itself. 
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CHAP.  VI. 

ON  GNEISS  AND  MICA-SLATE,  AND  THE  ROCKS 
WHICH  ARE  ASSOCIATED  WITH  THEM. 

On  the  Passage  of  Granite  into  Gneiss.  —  Gneiss  and  Granit 
▼etn^  —  Mica-Slate.  —  Formation  of  GDeiss  and  Mica-Slate  — 
they  arc  not  stratified  but  stratiform.  —  Talcous  Slate>  and 
Chlorite  Slate.  —  Crystalline  Limestone,  denominated  Primary, 
occurs  both  in  Primary  and  Secondary  Mountains.  —  Formation 
of  Limestone  and  Coral  Islands  by  Animal  Secretion. —  Dolomite, 
or  Alpine  Magnesian  Limestone. —  Serpentine  andOU^  or 
Potitone.  — Euphotide  or  Sautsurite,  the  hardest  and  heaviest  of 
Rocks^Trap  Rocks  changed  to  Serpentine.  — Eiiriteor  White 
Stone. — Primary  Porphyry  a  Mode  of  Granite. — Recurrence  of 
the  same  Rocks  ia  Rock  Formations  of  different  Epochs. 

The  principal  primary  rocks  enumerated  with  granite 
in  tlic  preceding  chapter,  were  Gneiss  and  Mica-slate. 
With  these,  certain  rocks  are  frequently  associated, 
and  are  tlierefbre  regarded  as  primary  j  for  wliere  one 
rock  occurs  imbedded  in  another,  it  is  evident  that 
the  enclosed  rock  must  be  as  ancient  as  tlie  rock 
\^'hicli  enfolds  it,  unless  the  embedded  rock  has  been 
subsequently  protruded  within  more  ancient  rocks^ 
as  is  the  case  witli  some  volcanic  or  trap  rocks. 

Gneiss  received  its  name  from  the  German  miners} 
according  to  Mr,  Jameson,  the  decomposed  stone  on 
the  sides  of  some  metallic  veins  was  first  so  called ; 
but  Werner  designated  by  this  term  a  schistose  or 
slaty  granite,  abounding  in  mica.  Granite  frequently 
passes  into  gneiss  by  an  almost  imperceptible  grad- 
ation :  where  the  cjuanlity  of*  felspar  decreases,  and 
the  crystals  or  grams  become  smaller,  if  tlie  mica 
increases  in  quantity,  and  is  arranged  in  layers,  the 
rock  loses  the  massive  structure,  and  becomes  schis* 
tose ;  we  have  then  a  true  gneiss.  By  the  reverse  of 
this  process,  if  the  quantity  of  felspar  increases,  and 
the  mica  diminishes,  the  rock  loses  the  schistose 
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structure  and  becomes  massive,  aud  we  have  granite 
again.  Some  geologists  call  this  secondary  granite  ; 
but  the  upper  and  lower  granite,  and  the  gneiss,  are, 
in  this  instance,  but  different  modes  of  the  same  rock. 

The  granite  of  the  Alps,  which  Saussure  calls 
granit  veine,  is  properly  an  incipient  state  of  gneiss  : 
the  mica  is  arranged  in  nearly  ])arallel  lines,  placed 
at  some  distance  from  each  othei",  which  gives  to  the 
rock  a  striped  or  veined  appearance.  M'hen  these 
lines  of  mica  approach  very  near,  and  form  a  con- 
siderable  part  of  the  mass,  the  rock  becomes  gneiss. 
When  the  mica  becomes  very  abnndant,  and  the 
other  constituent  parts  are  small  in  size  and  quantity, 
gneiss  passes  into  mica^slate:  —  gneiss  has  often  a 
waved  fbnn :  but  thick  masses  or  laminse  of  quartz 
are  frequently  interspersed  between  the  felspar  and 
mica,  and  make  the  beds  very  irregular',  sometimes 
the  felspar  occurs  in  thick  masses  nearly  pure.* 

Beds  of  crystalline  limestone,  and  of  liornblcnde 
rock,  are  frequent  in  gneiss.  It  contains  most  of  the 
metallic  ores  both  in  veins  and  beds.  Crystals  of 
garnets  are  found  interspersed  in  gneiss,  but  are  more 
common  in  micaceous  schist,  which  is  nearly  allied 
to  this  rock. 

The  declivities  of  granite  mountains  are  covered 
by  rocks  of  gneiss  in  many  parts  of  the  world. 

Gneiss  constitutes  the  principal  rock-formation  in  a 

considerable  pari  of  Sweden.  It  occurs  in  Scotland 
and  Ireland,  but  is  scarcely  known  in  any  part  of 
England  or  Wales.  Very  well  characterised  gneiss 
occurs  in  the  vicinity  of  Aberdeen.  An  imperfectly 
ibrmed  gneiss  is  found  on  the  Malvern  Hills.  I  have 
also  seen  gneiss  brought  from  the  lower  part  of  Skid- 
daw  in  Cumberland.   Mountains  of  gneiss  are  not 

*  The  partiDgs  or  dlvitioniiii  rocks,  which  may  properly  be  de- 
nomiuted  rents,  are  distinct  from  those  which  are  the  effect  of 
aystaliisatioD,  and  may  be  distinguiahed  by  their  irregularity, 
roughnesty  and  the  indeterminate  manner  in  which  tliey  intersect 
the  stone.  Some  partings  have  evidently  been  the  result  of  me- 
cfaanicai  causes. 
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steep  and  broken  as  those  of  granite,  and  the  somniits 

are  generally  rounded. 

Mica-slalCy  or  Micaceom  Schist is  frequently 
incumbent  on  gneiss,  or  granite,  and  covered  by 
common  slate  :  it  passes  by  gradation  into  botli  these 
rocks  —  the  coarser  grained  resembling  gneiss,  and 
the  iiner  kind,  by  insensible  transition,  becoming  claj* 
slate. 

Mica-slate  is  essentially  composed  of  mica  and 
quartz  intimately  combined;  the  felspar,  which  is 
a  principal  constituent  part  of  granite  and  ^neias, 
occurs  only  occasionally  in  irrei^lar  masses  in  this 
rock.  The  colour  of  mica-slate  is  generally  a  silvery 
or  pearly  white,  inclining  to  a  bluish  grey  or  a  light 
green  ;  it  sometimes  is  nearly  black,  and,  when 
w  Gathered,  is  generally  yellow.  I  have  a  specimen  of 
mica-slate  from  North  America,  which  has  the  purple 
colour  of  the  amethyst ;  but  such  deviations  from  the 
common  colours  are  rare. 

Crystals  of  garnet  are  frequently  disseminated  in 
mica-slate :  it  contains  occasionally  crystals  of  other 
minerals.  It  has  a  slaty  structure^  and  is  often  waved 
and  contorted,  and  divided  by  thin  laminae  of  quartz. 
It  sometimes  contains  beds  and  laminse  of  crystalline 
limestone,  or  is  intermixed  with  serpentine.  Mica- 
slate  also  frequently  contains  beds  and  veins  of 
metallic  ores.*  The  gradation  of  mica-slate  into  gneiss 
and  clay-slate,  and  the  transition  from  granite  to 
mica-slate,  may  be  distinctly  seen  in  some  of  the 
rocks  near  Bray,  in  the  county  of  Wickiow  in  Ireland, 
where  I  observed  that  the  beds  of  mica-slate  adjoin- 
ing the  granite,  are  traversed  by  numerous  and  large 
seams  of  quartz,  running  parallel  with  the  slaty  struc- 
tureof  the  rock,  and  increasing  in  size  as  they  approach 
the  granite.  The  quartz  has  a  greasy  aspect,  and  is 
evidently  of  contemporaneous  formation  with  the 
niica-shitc  and  granite. 

Mica-slate  has  a  near  affinity  to  clay-slate ;  and 
as  1  have  arranged  the  latter  with  rocks  of  the  second 
class,  it  may  perhaps  be  doubted  whether  niica-siate 
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should  not  also  have  been  transferred  to  the  same 
class.  No  ^vcll  characterised  rocks  of  mica-slate  of 
any  extent  occur  in  England.  I  noticed  a  micaceous 
rock,  which  may  be  considered  as  an  imperfect  kind 
of  mica-slate,  near  the  granitic  rocks  of  Mount  Soar 
Hill ;  but  it  was  covered  by  wood,  which  concealed 
its  junction  with  other  rocks.  On  the  western  side 
of  Anglesea,  near  Holyhead,  there  are  numerous 
rocks  of  an  intermediate  kind,  between  mica-slate 
and  talcous  slate.  The  laminae  are  separated  by 
very  thin  seams  of  quartz  ;  and  I  observed  some  of 
them  bent  and  contorted  in  various  directions,  as  is 
not  un frequently  the  case  with  mica«shite  in  other 
districts. 

The  mica-slate  on  the  opposite  coast  of  Ireland, 
near  Bray,  I  am  inclined  to  consider  as  of  the  same 
formation  with  that  in  Angiesea.  Probably  this  rock 
stretches  under  the  Irish  Channel,  of  which  it  may 
form  the  bed  in  that  parallel  of  latitude.  The  struc- 
ture of  both  rocks  is  the  same,  presenting  the  same 
divirions  by  thin  laminae  of  quartz,  but  the  mica 
of  Angiesea  is  more  combined  with  talc.  Mica- 
slatc  aboiuids  in  tiie  Highlands  of  Scotland,  and  in 
many  alpine  districts  in  Europe,  particularly  in  the 
Pennine  Alps. 

Gneiss  and  mica-slate  are  nearly  allied  to  each 
other  and  to  granite.  Circumstances  attending  the 
formation  of  granite  appear  to  have  produced  a  dif- 
ferent arrangement  of  the  component  ingredients. 
This  is  the  more  probable,  as  both  gneiss  and  mica- 
slate  sometimes  graduate  into  granite,  and  have  at 
other  times  a  porphyritic  structure.  In  some  situ- 
ations the  causes  which  change  granite  into  gneiss 
or  mica-slate  have  nut  operated ;  and  we  find  neither 
of  these  substances  separating  granite  from  the  rocks 
of  the  next  class. 

An  opinion  has  been  advanced  by  Dr.  Mac  Culloch, 
that  gneiss  and.  mica-slate  have  been  deposited  by 
water^  though  he  admits  the  igneous  formation  of 
graaite :  but  granite  is  known,  as  before  stated,  to 
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vary  much  in  the  proportion  and  size  of  its  constitu* 
ent  minerals  even  in  the  same  rock.  Now  wherever 
the  felspar  was  deficient,  and  the  mica  and  quartz 

abundant,  or  where  the  lLL>par  was  more  granular, 
and  the  mica  abundant,  the  same  process  that  formed 
granite  in  one  part  of  a  rock,  would  form  gneiss  or 
mica-slate  in  another.  Every  one  who  has  examined 
the  gj^anit  veinS  of  the  Alps  ///  5////,  will  admit  that 
it  had  the  same  origin  as  common  granite ;  and  again 
they  could  scarcely  hesitate  to  say,  that  gneiss  and 
gramt  veine  are  only  mere  varieties  of  the  same  roclc, 
and  must  have  had  one  common  origin.  The  mica 
in  gneiss  is  as  much  an  igneous  formation  as  that  in 
granite,  or  in  some  volcanic  rocks. 

The  influence,  which  names  improperly  chosen 
maintain  over  scientific  investigations,  is  remarkably 
exemplitied  in  the  case  of  gneiss  and  granite.  Had 
the  former  been  called  (wiiat  it  really  is)  schistose 
granite,  much  discussion,  respecting  the  different 
origin  of  the  two  rocks^  might  have  been  spared:  — 
so  hkewise,  when  gneiss  and  mica-slate  have  been 

C laced  among  stratified  rocks,  much  confusion  might 
ave  been  avoided  by  designating  them  merely  as 
stratiform.  By  stratified  rocks  is  generally  under- 
stood a  succession  of  layers  formed  by  sedimentary 
deposition ;  but  there  is  no  more  reason  to  believe 
that  beds  of  gneiss  were  deposited  in  this  manner, 
than  that  lava  or  granite,  w  hich  are  sometimes  strati- 
form, were  originally  sedimentary  depositions. 

Geniss  and  mica-slate  being  nearly  similar  in  their 
constituent  parts  and  geological  position^  most  of 
the  metallic  ores  and  minerals  found  in  one  rock, 
occur  also  in  the  other.  Crystalline  limestone^  horn- 
blende, talc,  and  serpentine,  more  frequently  form 
beds  in  mica.slate  than  in  gneiss.  The  waved  struc- 
ture is  very  common  in  mica»slate,  and  the  beds  are 
often  most  singularly  bent  and  contorted. 

Takous  Slate  and  Chlorite  Slate  appear  to  be  dif- 
ferent modifications  of  the  same  mineral  substances : 
in  the  former  the  structure  is  laminated,  in  tl)e  latter 


Digitizca  by  G 


PRIMARY  LIMESTONE. 


113 


itisminutelv  laminated  or  granular;  the  prevailing 
colour  of  both  inclines  to  trrcen.  These  rocks  are 
sett  and  saponaceous  to  the  touch,  and  sectiie. 
Mica  slate  appears  to  graduate  into  talcous  slatet 
particularly  in  the  vicinity  ol' Mont  Blanc.  In  Cum- 
berland and  Scotland  talcous  and  chlorite  slate  pass 
into  common  roof  slate,  and  alternate  with  it:  the 
change  appears  to  be  owing  to  a  greater  mixture  of 
m  igiicsian  earth  in  talc  slate,  than  in  common  slate. 
Some  varieties  of"  chlorite  slate  are  harder  and  darker, 
and  approach  nearly  to  hornblende  slate.  The  pas- 
saire  from  talcous  slate  to  serpentine  forms  potstone. 
Talcous  slate  frequently  occupies  the  place  of  mica 
slate  in  primary  mountains,  and  is  sometimes  con- 
founded with  it^  the  two  minerals,  talc  and  mica, 
nearly  resembling  each  other.  See  Chap.  III.  The 
lai^  plates  of  mica,  which  are  made  to  supply  the 
phce  of  glass  in  some  lanterns  and  in  the  slides  for 
microscopes,  are  always  miscalled  talc.  Sometimes 
mica  slate,  from  an  intermixture  with  talc,  forms  an 
intermediate  rock,  which  partakes  of  the  characters 
of  both  rocks :  such  mica  slate  has  generally  a 
greenish  colour,  and  is  soiter  than  coumion  mica 
slate. 

CryslalUne  or  Primary  Limestone^  of  which  statuary 
mar])Ie  is  a  variety,  forms  beds  in  several  primary 
rocks.  Beds  of  this  mineral  occur  more  rarely  in 
granite  than  in  gneiss;  they  are  most  common  in 
mica-date,  with  which  rock  it  is  often  much  inter- 
mixed, and  often  alternates  with  it.  It  is  observed 
that  the  primary  limestone  in  granite  and  gneiss,  is 
coarser  grained  than  that  in  mica-slate  or  common 
slate.  Primary  limestone  is  much  intermixed  with 
serpentine.  When  beds  oi'  primary  limestone  occur 
of  considerable  thickness,  they  sometimes  contain 
veins  of  metallic  ores. 

Crystalline  or  primary  limestone,  when  pure,  is 
composed  of  calcareous  earth,  which  scarcely  exists 
as  a  component  part  of  granite,  gneiss,  or  mica  slate* 
No  organic  remains  are  found  in  the  crystalline 
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limestone  in  primary  mountains;  the  structure  is 
granular;  the  white  variety  known  as  statuary  marble 
resembles  fine  loaf-siigar,  and  is  imperfectly  translu- 
cent ;  hence  it  has  been  called  by  the  French  chattx 
carbamide  saccaroide.  The  colour  of  primary  lime* 
stone  is  sometimes  yellowish,  greenish,  or  inclining  to 
red«  From  a  mixture  of  mica  it  has  often  a  slaty 
fracture  and  divides  in  plates.  It  may  be  further 
deserving  notice,  that  primary  limestone  or  statuary 
marble,  frequently  contains  a  considerable  quantity 
of  siliceous  earth,  to  which  it  owes  its  hardness  and 
durabihty. 

Neither  in  England  nor  Wales  have  any  rocks  of 
limestone  been  found,  which  ])ossess  tlie  crystalline 
translucent  quaUties  of  statuary  marble,  though  very 
beautiful  marbles  occur  which  will  receive  a  high 
polish ;  these  belong  to  the  limestone  which  will  be 
described  in  the  following  chapter.  White  marble 
is  procured  from  Italy,  Switzerland,  and  the  Grecian 
Archipelago. 

Imperfectly  white  crystalline  limestone  occurs  in 
different  parts  of  Scotland  intermixed  with  serpentine 
and  mica-slate.  Crystalline  limestone  is  also  found 
in  the  Hebrides,  particularly  in  the  Isle  of  \Sky ;  but 
it  well  deserves  attention  that  this  limestone,  in  the 
latter  island,  evidently  appears  to  be  secondary  lime- 
stone (lias),  changed  in  its  character  by  its  contigui^ 
to  trap  rocks,  which  were  in  all  probability  in  a  state 
of  igneous  fusion.  In  other  alpine  districts,  the  lime- 
stones called  primary,  appear  also  to  have  derived 
their  crystalline  character  from  the  action  of  igneous 
rocks  in  their  vicinity,  and  hence  ought  not  to  be 
classed  with  primary  formations.  I  have  seen  many 
beds  oi  extremely  hard  white  limestone  in  the  Alps, 
which  have  all  the  characters  of  j)riniaiy  limestone, 
with  the  exception  of  being  somewhat  less  granular. 
These  beds  occur  over  other  beds  containing  the 
fossils  found  in  green  sand,  and  may  therefore  be 
classed  with  chalk.  That  the  highly  crystalline 
limestone  which  occurs  near  primary  mountains  has 
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been  in  a  state  of  f  usion,  is  rendered  probable  by  the 

S ratals  of  garnet  and  siliceous  micerals  which  are 
en  imbedded  in  it.    These  minerals  conld  not 
have  been  depoiited  from  an  adueous  solution. 

It  was  once  supposed  that  all  calcareous  rocks  and 
strata  were  composed  of  the  shells  of  marine  animals^ 
and  it  cannot  he  doubted  that  many  of  them  are 
entirely  formed  of  these  organic  remains :  but  in  the 
beds  of  primary  limestone,  and  even  in  some  of  the 
secondary  limestones,  no  vestiges  of  such  remains 
occur.  In  may  be  said  that  the  process  by  which 
primary  limestone  was  crystallised,  destroyed  all 
traces  of  organisation ;  and  though  it  would  be  im- 
possible to  disprove  this,  yet  there  is  no  reason  to 
believe  that  lime  may  not  exist  as  an  elementary 
earth,  like  siiex  or  alumine»  independent  of  the  ope* 
rations  of  animal  life.  It  does  so  exist  as  a  competent 
part  of  many  minerals,  and  it  may  have  existed  in 
sufficient  quantity,  to  form  the  mountains  of  primary 
limestone. 

It  is,  however,  a  curious  but  undoubted  fact,  that 
no  inconsiderable  portion  of  the  earth's  surface  has 
been  formed  by  ort^anic  secretion  ;  and  the  process 
is  still  ffoing  on  extensively  in  the  Pacific  and  Indian 
seas»  where  multitudes  of  coral  islands  emerge  above 
the  waves,  and  coral  shoals  and  reeft  occur  at  small 
depths  beneath  the  water,  in  which,  according  to  the 
observations  of  MM.  Quoi  andOaimard,  the  animals 
may  be  seen.  **  Some  spread  out  into  fans,  or  ramify 
into  trees ;  some  are  round  like  balls ;  their  varied 
and  elegant  forms  mingle  and  blend  together,  and 
reflect  the  varied  hues  of  red,  blue,  and  yellow."  As 
one  generation  dies  and  leaves  its  calcareous  remains 
another  succeeds,  until  the  mass  of  coral  is  raised  to 
the  surface,  when  the  formation  ceases,  lagments  of 
coral  are  afterwards  broken  off  by  the  waves  durioff 
storms,  together  with  shells,  weeds,  and  sand,  and 
are  driven  upon  the  other  parts  of  the  island,  and 
continoe  to  debate  it  until  the  surface  is  raised  above 
the  reach  of  theur  actiiui.   From  the  aeoounts  cf  the 
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converted  into  Dolomite  by  its  proximity  to  porphyry 
in  fusion,  and  that  the  magnesia  has  been  transferred 
from  magnesian  minerals  in  the  porphyry  to  the 
limestone  ;  the  magnesia  being  reduced  to  vapour  or 
gas.  Great  difficulties  attend  this  theory ;  I  shall 
hereafter  notice  situations  in  England,  where  the 
theory  might  be  subjected  to  the  test  of  direct  expe- 
riment. For  the  present  it  may  be  sufficient  to  notice^ 
that  many  strata  of  magnesian  limestone  appear 
far  removed  from  tlie  possible  influence  of  ip^neous 
rocks.  Magnesia  is  found  in  many  earthy  mmerals, 
and  may  be  r^pirded  as  a  constituent  element  of  the 
globe. 

Serpentine  derives  its  name  from  its  variegated 

colours  and  spots,  supposed  to  resemble  the  serpent's 
skin  :  its  clicmical  composition  has  been  before  de- 
scribed. The  colours  are  most  generally  various 
shades  of  light  and  dark  green,  wliich  are  intermixed 
in  spots  and  clouds ;  some  varieties  are  red.  When 
fresh  broken  it  has  some  degree  of  lustre,  and  a 
slightly  unctuous  feel ;  when  pounded,  the  powder 
feels  soapy.  It  is  harder  than  limestone^  but  yields 
to  the  point  of  a  knife,  and  will  receive  a  very  high 
polish.  When  serpentine  is  found  intermixed  with 
patches  of  cfystalline  white  marble,  it  constitutes  a 
stone  denominated  verde-antique,  which  is  highly 
vdued  for  ornamental  sculpture.  Some  varieties  of 
serpentine  are  translucent;  in  others  there  is  an  ap- 
pearance of  crystallisation,  forming  a  mineral  called 
diallage  or  schiller.spar.  The  minerals  associated 
with  serpentine  are  generally  tliose  allied  to  talc. 
Compound  rocks  in  which  talc  and  hornblende  are 
predominating  ingredients,  pass  into  serpentine. 
Magnesia  enters  largely  into  the  composition  of  these 
rocks.  A  late  analysis  of  one  kind  of  serpentine, 
gave  48  per  cent  of  this  earth.  tSerjpentine  com- 
moidy  occurs  in  gneiss  and  mica-slate^  m  beds  which 
are  sometimes  so  thick  as  to  compose  mountain  masses 
of  considerable  height.  Serpentine  sometimes  be> 
comes  magnetic^  from  an  intimate  intermixture  witili 
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minute  particles  of  magnetic  ironstone.  Many  of  the 
alpine  districts  in  Europe  contain  rocks  and  beds  of 
serpentine  ;  but,  accordini^  to  Patrin,  there  is  no 
serpentine  in  Northern  Asia,  nor  was  it  seen  by 
Humboldt  in  the  Andes ;  it  is  not  uncommon  in  the 
United  States  of  North  America.  In  the  Alps,  it  is 
observed  that  the  rocks  of  serpentine  lie  principally 
on  that  side  which  faces  Italy,  and  the  coast  of  Genoa. 
There  is  a  soft  kind  of  serpentine,  sufficiently  tena* 
cious  to  be  turned  in  a  lathe  into  vessels  of  any  shape, 
which  resist  the  action  of  fire :  hence  they  are  used 
for  culinary  and  other  purposes  in  some  parts  of 
Switzerland,  in  Lombardy,  and  even  in  Higher  Egypt. 
The  use  of  this  stone  is  of  great  antiquity,  being  dis- 
tinctly mentioned  by  Pliny  ^  it  is  called  lapis  oUaris, 
or  potstone. 

In  Cornwall  serpentine  occurs  with  a  micaceous 
rock  lying  over  granite,  and  forms  part  of  the  pro^ 
montory  called  the  Lizard  Point.  It  occurs,  also, 
near  Liskeard,  in  the  same  county.  It  is  not  met 
with  in  any  other  part  of  England  that  I  know  of ; 
but  I  have  observed  rocks  approaching  the  nature  of 
serpentine  in  Charnwood  Forest,  and  in  the  county 
of  Radnor,  in  Wales. 

Beautiful  varieties  of  red  and  green  serpentine 
occur  in  the  Isle  of  Anglesea,  about  six  miles  from 
the  Paris  copper-mine.  It  is  found  in  beds  of  great 
thickness  associated  with  the  common  slate-rocks  of 
the  district,  which  approach  in  their  nature  totalcous 
slate :  asbestus  lies  in  considerable  quantities  in  the 
partings  between  the  beds  of  serpentine. 

Some  of  the  specimens  of  this  serpentine  have  the 
characters  of  the  precious  or  noble  serpentine  ;  the 
colours  are  principally  dark  green,  intermixed  with 
spots  and  clouds  of  lighter  green,  and  shining  laminse 
of  schiller  spar,  or  crystallised  serpentine.  The  frac- 
ture is  conchoidal,  and  it  is  translucent  at  the  edges. 
It  resists  the  point  of  a  copper  or  brass  tool,  and 
breaks  with  great  difficulty.  Some  varieties  contain 
ciystalline  limestone,  but  in  smaller  patches  than  in 
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the  Italian  verde-antique ;  occasional  stripes  and  spots 
of  steatite,  asbest,  and  quartz,  occur  in  it  Tiie  red 
is  sometimes  intermixed  with  a  great  variety  of  other 

lich  colours  ill  the  same  stone,  as  black,  white,  green- 
ish white,  and  dark  green.  It  may  be  considered  as 
a  valuable  stone  for  purposes  of  ornamental  architec- 
ture, for  in  beauty  and  durahiHtv  it  is  not  exceeded 
by  the  costly  marbles  of  Greece  or  Italy. 

By  a  mixture  of  serpentine  with  talc  or  steatite^ 
serpentine  becomes  soft  and  sectiie,  and  forms  tlie 
mineral  called  potstone,  before  mentioned.  A  dif- 
ferent combination  of  crystalliBed  serpentine  {dial' 
iage)  with  jade,  or  felspar,  forms  one  of  the  hardest 
and  heaviest  of  known  rocks.  It  was  first  noticed  by 
Saussure  in  rounded  pieces  and  loose  blocks,  scat- 
tered over  several  parts  of  the  valley  near  the  Lake  of 
Geneva :  to  this  mineral  the  name  of  Saussuritc  has 
been  given.  It  is  much  harder  than  quartz,  and  its 
specific  gravity  is  S'S5 :  it  is  the  hardest  and 
heaviest  of  known  rocks  composed  only  of  earthy 
minerals:  the  colour  generally  is  greenish.  Some 
varieties  of  saussurite  as  well  as  of  serpentine  ac- 
quire an  external  polish,  like  a  coat  of  varnish,  by 
exposure  to  the  action  of  water:  this  may  be  ob* 
served  in  the  pebbles  of  bright  green  saussurite  near 
Mont  St.  Gotliard,  and  in  the  serpentine  at  the 
Lizard  in  Cornwall.  For  a  considerable  tunc  it  was 
unknown  where  saussurite  occurred  in  situ ;  it  has 
since  been  discovered  in  immense  beds,  associated 
with  serpentine,  in  the  valley  of  Sass,  in  the  Uaut 
Valois.  Near  Nyon,  on  the  Lake  of  Geneva,  one 
hundred  and  twenty  miles  distant,  there  is  a  field 
scattered  over  with  large  blocks  of  the  same  stone, 
which  tiie  proprietor  has  been  unable  to  remove  by 
blasting  on  account  of  their  unconquerable  haidness. 
Beds  of  saussurite  occur  on  the  southern  side  of  the 
Alps,  and  in  the  Apeiniines.  A  very  interesting 
description  of  the  saussurite  and  serpentine  of  the 
Apennines  has  been  publislied  by  M.  Brongniart, 
entitled  t^ttr  le  GUcmctU  ou  Position  relative  des 
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OfMoUieSf  Euphotidesy  et  Jaspes,  dans  quel^ues  Parties 
des  Apennins.*  In  tliesc  moiiiilains,  the  serpentine 
rests  upon  sanssuiite,  the  saiissurite  on  strata  of 
jasper,  and  the  latter  on  seconthu  v  limestone.  This 
position  is  remarkable,  for  geologists  had  lona;  sup- 
posed that  all  serpentines  were  more  ancient  than 
the  secondary  rocks.  It  has,  however,  been  recently 
discovered,  tiiat  some  trap  rocks  which  are  in  con- 
tact with  beds  of  limestone,  or  cut  through  beds  of 
limestone,  are  changed  into  serpentine,  apparently  by 
intermixture  with  calcareous  earth.  This  discoveiy 
throws  much  light  on  the  true  nature  of  serpentine: 
we  can  no  longer  be  surprised  at  finding  these  rocks 
in  tbrmations  of  different  epochs.  Though  serperf- 
tine  may  in  many  instances  be  considered  as  a  rock 
whose  (juality  lias  been  changed  as  before  stated, 
yet  it  would  be  contrary  to  sound  induction  to  main- 
tain that  serpentine  may  not^  in  other  instances,  be 
an  original  rock  formation.  Wherever  the  earths 
that  compose  serpentine  have  occurred  together  in 
due  proportions,  the  same  causes  which  have  pro« 
duced  other  mineral  combinations  may  have  formed 
serpentine:  it  is  rendered  almost  certain  that  this 
has  been  tiie  case,  as  many  rocks  containing  chlorite 
and  hornblende,  appear  to  pass  by  gradation  into 
serpentine. 

Ilornblejide  Rock  and  Hornblende  Slate.  —  This 
mineral  has  been  described  Chap.  III.  When  it 
forms  the  principal  parts  of  rocks,  the  colour  is 
commonly  a  greenish  black.  Massive  hornblende  in 
rocks  is  generally  coarsely  granular  and  lamellar;  in 
hornblende  slate,  it  is  frequently  radiated  or  fibrous* 
and  when  the  fibres  are  very  minute,  it  has  a  velvet- 
like lustre.  Hornblende  slate  occurs  in  beds  in 
grain le,  gneiss,  and  mica-slate,  and  occasionally  in 

*  It  18  to  be  regretted  that  so  excellent  an  observer  and  miner- 
alogist as  M.  Brongniart,  who  is  so  justly  etninent  for  his  scientific 
labours,  should  have  thought  it  necessary  to  burden  Geo\ogy  with 
two  additional  new  name  >.  ^Serpentine  he  has  denominated 
tfkiaUttt  and  saussurite  a/pliUide* 
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common  slate :  it  appean  to  pass  by  gradation  into 

serpentine :  the  change  is  effected  by  an  increase  of 
magnesia,  which  forms  one  of  the  constituent  parts 
of  hornblende. 

Hornblende  in  large  lamellar  grains,  intermixed 
with  felspar,  forms  sienite,  which  it  was  remarked  in 
the  last  chapter  is  not  unfrequently  associated  with 

Sanite;  the  passage  of  one  rock  into  the  other  by 
e  increase  or  decrease  of  felqpar,  may  frequently 
be  observed  in  the  same  mountain.  When  horn- 
blende  and  felspar  are  more  intimately  blended,  tbqr 
form  the  rock  called  by  the  Germans  Green^tone^ 
by  the  French  Diabase;  and,  with  other  rocks  of 
iimilar  oompositiony  are  frequently  described  as  trap 
rocks,  and  by  the  French  as  roehes  onqfMboUfues : 
these  will  be  more  properly  noticed  in  the  subsequent 
chapters.  When  the  hornblende  and  felspar  are  so 
closely  and  minutely  intermixed  that  the  rock  ap- 
pears homogeneous,  the  trap  has  all  the  external 
character  of  a  rock  (hereafter  to  be  more  fully  de- 
scribed) called  Basalt.*  In  examining  the  geolo- 
gical specimens  of  the  late  M.  de  Saussure,  in  the 
museum  at  Geneva,  I  observed  that  the  rocks  which 
he  so  frequently  mentions  under  the  name  of  Comienef 

•  The  rock  to  which  the  French  give  the  name  of  Diabase,  the 
compact  trap  of  Werner,  resembles  basalt  (which  the  French  call 
Dolerite)  so  closely,  both  in  composition  and  physical  characters, 
that  the  division  into  two  species  seems  principally  made  to  serve 
purpose  of  theory.  Diabase  ii  composed  of  felspar  and  bom* 
bleiide>  and  dderite  of  felspar  and  awte  indmateljr  oombiiied. 
But  as  hoinblende  and  augite  do  not  diner  more  in  chemical  com-  . 
position,  than  one  species  of  hornblende  differs  from  another, 
and  as  these  two  minerals  arc  only  to  be  distinguished  by  their 
crystallisation  ;  when  they  occur  un crystallised,  may  they  not  be 
r^arded  as  identical  ?  It  is  true,  augite  occurs  abundantly  in 
rocks  of  undoubted  igneous  origin,  and  in  the  lavas  of  recent 
volcanoes ;  hornblende  occurs  also  in  basaltic  lavas,  but  more  ftie- 
quently  in  rocks  of  which  the  igneous  origin  is  not  so  generally 
admitted :  yet  it  may  be  fairly  doubted,  whether  the  distinction 
between  compact  diabase,  and  compact  dolerite,  has  not  been  made 
in  order  to  form  gratuitous  conclusions  respecting  the  different 
origin  of  rocks,  which  are,  in  chemical  composition  and  external 
disracteiiy  essentiaUjr  the  sancu 
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are  mixtures  of  homUende  and  ftlspari  in  which  the 
fiMrmer  mineral  predominates. 

Hornblende  intermixed  with  felspar,  forming 
sienite  and  green-stone,  occurs  at  the  Malvern  Hills, 
in  Worcestershire;  at  the  Charnwood  Forest  hills, 
in  Leicestershire;  and  in  Cornwall,  Cumberland, 
and  North  and  South  Wales.  Very  little  well  cha- 
racterised hornblende  slate  is  found  in  any  part  of 
England,  but  it  occurs  abundantly  in  the  alpine  parts 
of  Scotland,  and  in  most  of  the  principal  mountain 
ranges  in  Europe.  The  various  intenniztUFes  of 
hornblende  and  felspar,  to  which  the  name  of  traj^ 
rocks  is  frequently  given,  may,  more  properly,  be 
classed  with  transition  rocks.* 

Porphj/f^i/  derives  its  name  iioai  a  Greek  word 
denoting  purple ;  the  rock  to  which  it  was  at  first 
applied  had  a  purple  colour.  In  the  modern  ac- 
ceptation of  the  term,  any  rock  which  is  compact 
or  finely  granular,  and  contains  distinct  imbedded 
crystals,  is  called  porphyry,  whatever  be  its  colour. 
The  base  or  paste  of  most  porphyritic  rocks  is  feU 
mx',  and  the  imbedded  crystals  are  also  fel^r, 
though  there  may  be  also  small  grains  or  crystals  erf* 
quartz  or  other  minerals.  It  has  been  stated,  in  the 
preceding  chapter,  that  granite,  by  becoming  finer 
grained,  frequently  passes  to  the  state  of  porphyry. 
Tlie  ewite  of  the  French  geologists,  and  the  icciss- 
stein  or  ivhite-stone  of  Werner,  is  a  granite  in  which 
the  felspar  is  the  principal  constituent  part,  and 
is  either  finely  granular  or  nearly  compact.  To  this 
variety  English  geologists  give  the  name  of  compact 
^spar :  the  white  elvan  of  the  Cornish  miners  is  a 
porphyritic  eurite. 

Geologists  have  described  four  formations  of  por« 
phyry,  but  it  is  generally  agreed  that  there  is  much 

*  Dr.  Macculloch  states  an  instance  in  Shetland,  where  slate 
(ckjr  ikte)  appears  to  be  oonverted  into  horableDde  date  by  ap- 
proximafting  to  gmite ;  but  no  inference  can  be  fairly  drawn  from 
a  solitary  instance  of  this  kind,  as  there  is  no  e7idence  to  prove 
that  tiie  hornblende  slate  is  not  an  original  rode 
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uncertaintj  with  respect  to  the  situation  of  diese 
ibnnations.   The  porphyry  which  occurs  regularly 

imbedded  in  granite,  or  which  appears  to  be  formed 
by  a  mere  change  of  structure  in  tliat  rock,  may 
properly  be  classed  with  primary  rocks :  it  is  not 
considered  to  be  an  extensive  formation ;  the  white 
elvan  of  Cornwall,  and  probably  the  porphyry  asso- 
ciated with  mica  slato  in  Argyleshire,  belong  to  this 
Ibrmation.    Porpiiyry  also  occurs  in  enormous  masses, 
sometimes  intersecting  and  sometimes  covering  pri- 
mary mountains*.    The  granite  of  Ben  Nevis  in 
Scotland  is  intersected  bjr  veins  of  porphyry;  and 
at  the  head  of  Glen  Ptarmagan,  a  cliff  of  porphyry 
1500  feet  high,  shaped  like  an  oblique  truncated 
pyramid,  passes  through  granite.*     rorphyrv,  im- 
bedded in  transition  rocks,  or  associated  with  trap 
or  volcanic  rocks,  must  generally  be  regarded  as 
contemporaneous  with  the  foruKitions  in  which  it 
occurs.  Porphyry  is  in  some  instances  an  undoubted 
volcanic  (brmation,  and  presents  a  connecting  gra- 
dation between  granitic  primary  rocks,  and  those  of 
a  more  recent  igneous  origin.    Wherever  porphyry 
occurs  uncontbrmably,  covering  other  rocks,  it  is 
evidently  more  recent  than  the  rocks  on  which  it 
rests,  and  must  be  classed  with  basaltic  or  trap  rocks ; 
this  porphyry  will  be  described  with  them  in  a  sub- 
sequent chapter. 

Before  taking  leave  of  the  rocks  classed  as  primanr> 
it  may  be  proper  to  notice  that  some  of  the  rocks 
associated  witli  granite,  gneiss,  and  mica-slate,  occur 
also  in  the  transition  class,  and  even  in  the  lower 
secondary  strata.  The  same  causes  by  wiiich  tlicy 
were  Ibrined  among  primary  rocks,  have  also  oper- 
ated at  a  later  period:  indeed,  one  of  tlie  well-known 
rocks,  limestone,  has  been  deposited  or  formed  in  all 
the  ditierent  classes  of  rocks  except  tlie  volcanic,  and 
must  therefore  receive  its  name  from  the  class  with 
which  it  is  associated ;  as  primary  hmestone,  tran- 
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sition  limestone,  &c.  In  some  instances,  the  mineral 
characters,  or  the  fossils,  serve  to  distinguish  rocks 
of  the  same  kind,  that  occur  in  the  different  classes 
or  formations :  thus  the  rocks  associated  with  primary 
rocks  are  generally  harder  and  more  crystalline  than 
the  same  species  of  rock  wliich  occurs  in  the 
secondary  classy  but  tliis  is  not  ia variably  the 
case. 


CHAP.  VIL 

ON  TRANSITION  ROCKS»  AND  ON  THE  PROBABLE 

CONDITION  OP  THE  SURFACE  OF  OUR  PLANET 

DURING  THE  TRANSITION  EPOCH. 

TVansitioii  rackt  intermediate  betireen  tbe  prtmaiy  end  feoondaiy 
— Tbmr  cbanusten.— Slate  or  el«r  ilate^— Ptauliaritiea  oif 
itmcture.  —  Varietiet  of  date.— Greywacke  and  greywacke 
tiatc.  —  Passage  of  into  red  sandstone  and  gritstone. —  Con- 
glomerate  and  sedimentary  transition  beds  intermixed  with  trap 
rocks.  —  Lower  transition  limestone  ;  contortions  of,  and  remark- 
able position  of  its  beds. — Upper  transition  or  mountain  limestone 
contains  beds  of  magnesian  limestOQe.  —  Errors  respecting  the 
mottntain  limestone  of  Derbyihire. — Cbangea  and  anomalies  in. 
the  Stratification  of  mountain  limestone.  —  Structure  of  Crich 
Cliff.— -Quarti  rock»  Jasper,GreenHrtone. — On  conformable  and 
unconformable  igneous  rocks  intermixed  with  transition  rocV-s. 
—Transition  series  of  Cumberland  and  Yorkshire,  different  tVoni 
those  of  Shropshire  and  Wales,  called  Silurian  rocks. — Thickness 
and  extent  of  the  Silurian  beds.  —  On  the  temperature  of  the 
globe  and  the  animals  of  tbe  transitlm  epoch. 

In  many  mountainous  districts  the  primary  rocks, 
described  in  the  precedini^  chapters,  rise  in  peaks  or 
mountain  masses^  uncovered  by  rocks  of  a  more  re- 
cent formation.  In  other  situations  they  are  covered 
by  rocks  of  different  geological  epochs,  or  by  diluvial 
beds  of  clay  and  gravel,  and  sometimes  by  beds  of 
lava.  More  commonly,  primary  rocks  are  "SucoeedcNd 
by  rocks  which  bear  a  dose  resemblance  to  them, 
and  pass  by  gradation  into  them.  These  rocks  have 
been  called  intermediate  or  ti  aiisition  rocks.  In  Eng- 
land and  Wales  they  compose  the  highest  mountain 
ranges,  extending  from  Cumberland  to  Devonshire. 
It  is  in  some  of  the  transition  rocks,  that  the  fossil 
remains  of  animals  and  vegetables  are  first  discovered; 
they  may,  therefore,  be  regarded  as  the  most  ancient 
records  of  oiganic  existence  on  our  globe.  Transi- 
tion rocks  also  contain  the  richest  repositories  of  me- 
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tallic'ores.  Metallic  veins  rarely  occur  in  secondary 
rocks. 

When  geology  first  attracted  attention,  it  was  found 
difficult  to  draw  a  well-marked  line  of  distinction  be- 
tween primary  and  transition  rocks.  The  difficulty 
arose  cniefly  from  arranging  slate  with  primary  rocks* 
Organic  remains  sometimes  occur  in  slate  rocks;  the 
terms  "newer  and  older  primary  slate,"  and  "transition 
slate*'  were  introduced  :  between  these  no  difference 
could  be  discovered,  except  the  occasional  occurrence 
of  organic  remains.  I  have  long  deemed  it  desirable 
to  separate  slate  from  the  primary  class,  for  reasons 
given  in  the  former  editions  of  this  work,  but  which 
I  shall  again  state,  as  some  geologists  of  eminence  in 
this  country  still  class  the  lower  slate  rocks  in  which 
fossil  remains  have  not  been  found,  as  primary :  but 
this  is  an  uncertain  character;  for  slate  that  contains 
no  fossils  in  one  Bituation,  may  be  found  to  contain 
them  elsewhere.  It  is,  however,  of  little  importance 
in  wiiich  class  slate  is  arranged,  if  its  geological  posi- 
tion and  characters  are  accurately  given.  The  pro- 
priety of  classing  slate  with  primary  rocks  has  long 
been  doubted  by  continental  geologists. 

One  of  the  disciples  of  Werner,  M.  D'Aubuisson, 
admits  that  there  is  nowhere  any  extensive  formation 
of  primary  slate.  M.  Bonnard,  another  disciple  of 
the  same  schoolt  in  his  Apperfu  Oeagnasiigue  des 
Terrains^  after  enumerating  various  nrimary  slate 
rocks,  candidly  acknowledges  that  it  isaoubtful  whe- 
ther primary  slate  can  any  where  be  found.  It  is 
true,  that  mica  slate  passes  by  almost  imperceptible 
gradations  into  common  slate  ;  but  here,  as  in  other 
instances,  we  only  find  that  Nature  is  not  limited  by 
the  artificial  arrangements  of  the  geologists :  yet,  so 
long  as  it  may  be  proper  to  class  rocks  containing 
organic  remains  with  transition  rocks,  we  must  place 
slate  among  them.  Nor  can  this  be  invalidated  by 
the  fact*  that  in  some  slate  rocks,  no  vestk^  of  animid 
or  vegetable  remains  occur ;  for  among  the  secondary 
strata^  aboufidiog  in  such  remains,  we  often  meet 
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with  alternating  beds,  in  which  they  are  never  found; 
but  we  do  not,  on  that  account,  class  them  with  pri- 
mary rocks.  In  arranging  transition  rocks,  I  most 
decidedly  place  the  English  mountain  limestones 
among  them,  as  I  have  done  in  the  former  editions  of 
this  work.  I  know  no  circumstance  in  Geology  that 
evinces  more  strongly  the  tenacity  with  which  errors 
are  cherished,  when  they  have  been  some  time  enter- 
tained, than  the  determination  of  English  geologists 
to  separate  mountain  limestone  from  transition  lime- 
stone, —  in  opposition  to  analogy,  and  to  the  universal 
opinion  of  geologists  on  the  Continent.  This  sepa- 
ration, as  a  mere  matter  of  classification,  would  be  in 
itseU'  of  little  importance  ;  but  it  iias  tended  more 
than  any  other  circumstance  to  perplex  both  foreign 
and  English  geologists,  in  their  attempts  to  assimilate 
the  rock  formations  of  England  with  those  on  the 
continent  of  Europe. 

When  a  general  attention  was  first  excited  in  this 
country  to  the  study  of  Geology,  access  to  the  Con- 
tinent was  extremely  difficult,  imd  we  were  left  to 
explore  as  well  as  we  could  the  geology  of  our 
own  island,  enlightened  only  by  the  dark-lantern  of 
German  Gcoijnosy.  Many  characters  were  •riven  of 
transition  rocks,  and  offloetz  or  parallel  rocks,  founded 
on  local  observations  in  Germany,  which  did  not 
apply  to  the  rocks  in  other  countries :  it  was  found 
that  the  characters  of  our  metalliferous  limestone  did 
not  agree  very  well  with  either,  and  therefore  English 
geologists  have  retained  the  name  of  mountain  lime- 
stone;  and  the  appellation  of  transition  limestone 
was  restricted  to  a  lower  bed,  small  in  extent,  and 
comparatively  unimportant.  VViien  I  first  visited  the 
Continent,  in  1819,  and  examined  the  cabinets  of 
some  eminent  ideologists,  T  was  particularly  struck 
with  finding  the  analogties  of  our  principal  beds  of 
mountain  limestone  exhibited  as  types  of  true  transi- 
tion limestone.  On  my  return  to  raris  the  following 
year,  I  took  specimens  of  our  mountain  limestone 
from  Derbyshire*  Westmoreland,  Somersetshirej  and 
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Wales  'y  and  also  of  the  lower  limestones  from  Shrop- 
shire and  Devonshire;  and  presented  them  to  MM. 
Brongniart  and  Brochant.  The  whole  of  the  speci- 
mens they  recognised  as  transition  limestones,  and 
selected  the  encrinal  and  dark  madrepore  mountain 
limestonesy  as  the  true  types  par  excellence  des  Cal' 
caires  de  Transition* 

More  extended  observations  have  led  English  Geo- 
logists to  entertain  more  correct  views  respecting  the 
class  of'transition  rocks;  and  it  is  now  generally  agreed 
to  arrange  with  the  rocks  ot  this  class,  all  the  rocks, 
from  the  lowest  slate  rocks,  in  which  organic  remains 
occur,  to  the  mountain  limestone,  and  tlie  great  coal 
formation,  which  frequently  rests  upon  it.  It  may, 
however,  be  more  convenient  to  describe  the  coal 
formation  of  England  apart  from  the  transition  rocks, 
as  forming  tlie  separation  between  them  and  the  rocks 
of  the  secondary  class* 

The  following  arrangement  of  transition  rocks  was 
considered,  till  recently,  to  comprise  the  most  impor- 
tant rocks  of  this  class,  but  their  ordci  of  succession 
w\is  not  regarded  as  regular.  A  recent  exannnation 
of  the  transition  rocks  of  Shropshire  and  the  adjacent 
counties,  by  Mr.  Murchison,  has  disclosed  a  variety 
of  beds  in  succession,  which  had  before  been  but  im- 
perfectly known.  To  these  beds  Mr.  M.  has  given 
the  name  of  Silurian^  from  the  districts  in  which 
they  occur,  being  formerly  inhabited  by  the  ancient 
Silures* 

A  brief  account  of  the  Silurian  rocks,  with  some 
observations  upon  them,  is  placed  at  the  end  of  the 

present  chapter.  It  may  be  proper,  however,  here  to 
state,  that  they  comprise  the  middle  and  lower  series 
of  English  transition  roeks. 

In  the  former  editions  of  this  work,  the  principal 
ibrmations  which  occur  conformably  in  transition 
rocks,  were  stated  as  under : — 

1.  Slate,  including  flinty  slate,  and  other  varieties 

associated  with  slate. 

2.  Greywacke  and  gieywacke  slate,  passing  into 
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conglomerate  and  sandstone,  called  the  M  red 

sandstone. 

3.  Lower  transition  limestone,  sometimes  inter* 

spersed  in  the  old  red  sandstone. 

4.  Mountain  limestone,  alternating  with  shale,  and 

sandstone  or  gritstone. 

5.  The  regular  coal  formation.* 

Rocks  interposed  or  covering  transition  rocks  un- 
conformably* 

1.  Porphyry,  passing  into  trap  or  greenstone. 
Clinkstone,  passing  into  basalt  and  other  trap 
rocks. 

Ski/Ct  of  which  roof  slate  is  a  well-known  variety, 
has  been  already  described  as  a  simple  mineral.  See 
Chap.  III.  It  is  called  by  the  Germans  T/iori-schcif/ir 
or  clay-slate ;  by  ancient  English  geologists,  argil- 
laceons  schistiis;  by  the  modern  French,  Phyilade. 
The  term  slate  is  perhaps  the  most  proper  that  can 
be  used  to  designate  this  rock ;  as  the  best  variety  of 
it,  Roof-slate,  is  well  known.  Ciay^slate  is  a  name 
given  from  an  erroneous  opinion  respecting  its  con- 
stituent  parts;  and  the  term  is  liable  to  create  much 
confusion,  as  the  softer  kind  of  slate  in  tlie  coal  strata, 
is  called  slate-clay.  I  shall,  therefore,  thronghout 
the  present  volnme  snbstitnte  the  term  slate  for  clav- 
slate,  and  for  slate-clay  the  more  intelligible  English 
term  shale. 

81ate  rocks  abound  in  most  alpine  districts,  resting 
either  on  gianite,  gneiss,  or  mica  slate.  That  slate 
which  lies  nearest  the  primary  rocks  has  a  more 
shining  lustre  than  the  other,  and  partakes  more  of 
the  crystalline  quality  of  mica-slate.  As  this  rock 
recedes  from  the  primary,  its  texture  is  generally 
more  earthy.  Its  colours  are  various  shades  of  grey, 
inclining  to  blue,  green,  purple,  and  red.  Some 
kinds  of  slate  split  into  thin  lamina*,  which  are  well 
known  as  forming  rooflslates.    Slate  rocks  are  com- 

«  The  regular  coal  strata  or  coal  measures,  where  they  occur  in 
England,  separate  the  transition  from  the  secondary  roclcs.  If  they 
are  daased  with  either,  it  should  be  with  the  fomer. 
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nionly  divided  into  beds  of  various  degrees  of  thick- 
ness, \vliicli  generally  are  much  elevated,  and  from 
tlie  natural  divisions  of  the  rock,  they  often  Ibrm 
peaked  and  serrated  mountains. 

81ate  has  been  generally  described  as  distinctly 
stratified,  because  it  splits  easily  into  thin  laminae^ 
and  the  direction  of  the  laminae  is  asserted  to  be  in 
the  direction  of  the  beds  i  but,  in  opposition  to  the 
authority  of  many  eminent  geologists,  I  maintain 
that  slate,  unless  it  be  of  a  soft  or  coarse  kind  ap- 
proaching to  shale  or  greywacke,  invariably  splits 
in  a  transverse  direction  to  liiat  of  the  beds,  making 
with  tliat  direction  an  angle  of  about  sixty  degrees  j  — 
it  has  frequently  two  distinct  cleavages.* 

Few  persons,  perhaps,  have  examined  more  slate 
rocks,  or  consulted  more  workers  in  slate  quarries, 
than  I  have ;  and  the  fact  respecting  its  cleavage  is 
invariably  what  is  here  stated,  except  in  very  coarse 
grey wacke-slate,  and  soft  slate  or  shale. 

Slate  rocks  vary  much  in  quality  in  the  same 
mountain  ;  those  which  contain  a  great  quantity  of 
siliceous  earth  pass  into  flinty  slate.  When  magnesia 
enters  largely  into  the  composition  of  slate  rocks, 
thev  are  distinguished  by  tlieir  green  colour,  and 
pass  into  chlorite  or  talcy  slate,  —  a  rock  before 
mentioned  as  occurring  also  in  primary  mountains. 
Whetstone-slate,  or  hone,  is  a  variety  of  talcy  slate, 
containing  particles  ol'  quartz  :  when  these  particles 
are  extremely  minute,  and  the  slate  has  a  uniform 
consistence  and  requisite  degrees  of  hardness,  it  forms 
bones  of  the  best  quality.  Carbonaceous  matter  is 
first  discovered  in  slate  rocks,  and  increases  in  quan- 

*  Professor  Sedgwick,  in  a  paper  on  the  structure  of  large 
mideral  masses  (see  Geological  Transactions,  Second  Series, 
yo\.  iii.)»  refers  to  and  confirms  my  views  respecting  the  crystalline 
cleava^^c  of  slate  rocks.  These  views  were  stated  in  the  first 
edition  of  this  work  in  181'},  in  opposition  to  the  generally  received 
opinion,  that  the  slaty  cleavage  was  tlie  result  of  stratification. 
In  plate  5.  fig.  1-  d  df  the  planes  of  cleavage  m  slate  rocks  are  re- 
presented as  distinct  from  the  planes  of  stratification. 
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tity  as  they  approach  the  secoiulaiy  strata.  Drawing- 
slate  is  stated  to  contain  11  per  cent,  of  carbon; 
where  the  carbon  is  very  abundant,  tlie  slate  has  a 
daik  colour,  and  is  generally  soft.  Impressions  of 
vegetables  are  found  in  some  slate  rocks  that  were 
formerly  regarded  as  primary ;  the  slate  rocks  in  the 
vicinity  of  Mont  Blanc,  and  Mont  Cenis,  contain 
impressions  of  ferns.  Slate  contains  occasionally 
impressions  of  fuci,  or  sea-weed. 

That  fine  variety  of  slate  which  is  used  for  roof- 
slate,  seldom  forms  entire  mountains,  but  is  generally 
imbedded  in  slate  rocks  of  a  coarser  kind  :  the  beds 
of  rooflslate  are  sometimes  of  considerable  thickness, 
and  generally  rise  at  an  elevated  ann^le.  If  geologists  - 
had  not  been  induced,  by  an  attachment  to  theory, 
pertinaciously  to  adhere  to  opinions  once  received, 
they  could  not  have  failed  to  recognise  the  effect  of 
crystallisation  in  the  cleavage  of  slate,  as  evidently 
as  in  the  laminar  divisions  of  felspar. 

Those  varieties  of  roof  slate  are  preferred  for  the 
covering  of  buildings,  that  are  the  least  absorbent  of 
water,  and  have  the  smootiiest  surface,  and  split  into 
the  thinnest  plates;  they  are,  however,  frequently 
made  too  thin  to  be  durable,  and  too  light  to  resist 
the  force  of  the  wind  durinu,-  storms. 

Quarries  of  slate  are  worked  extensively  in  West- 
moreland, Yorkshire,  Leicestershire,  North  Wales, 
Cornwall,  and  Devonshire.  The  foreign  localities  of 
slate  are  so  numerous,  it  would  be  superfluous  to 
name  them. 

Mountains  of  slate  are  seldom  so  precipitous  as 

those  of  granite,  but  have  often  a  sharp  serrated 
outline.  Tiiey  ai  c  covered  with  verdure  on  their  de- 
clivities, as  tliey  contain  silex,  and  a  more  equal 
admixture  of  the  earths  Ihvourable  to  vegetation. 

Flinty  slate,  a'^  before  observed,  differs  from  com* 
mon  slate  by  containing  a  greater  quantity  of  siHceous 
earth;  and,  as  its  name  implies,  it  partakes  of  tJie 
nature  of  flint.  Slate  and  flinty  slate  not  only  pass 
into  each  other,  but  frequently  alternate*   When  the 
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latter  ceases  to  have  the  slaty  structure,  it  becomes 
hornstone,  or  what  the  French  denomhiate  petro* 
sitex.  If  it  contain  crystals  of  felspar,  it  becomes 
hornstone  porphyry  :  ail  these  varieties  may  be  ob- 
served  alternatinc^  with  each  other  in  the  same  rocks 
in  Charnwood  Forest,  and  in  North  Wales  and  Cum- 
berland. 

Slate  is  rei2^arded  as  one  of  the  most  metalliferous 
rocks:  nearly  all  the  j)rincipal  metallic  ores  have 
been  found  in  slate,  cither  in  veins  or  beds;  but  it 
is  remarkable  that  Hinty  slate  seldom  contains  any 
repositories  of  metallic  mattr  r.  Lead  and  copper 
are  the  principal  metals  found  in  the  slate  rocks  of 
England  and  Wales ;  they  are  not  so  rich  in  lead  as 
the  mountain  limestone,  but  the  lead  ore  in  slate 
rocks  contains  a  larger  portion  of  silver.  The  killas 
of  Cornwall,  so  remarkably  metalliferous,  is  a  variety 
of  slate. 

It  seems  now  to  be  admitted  by  geologists,  that 
slate  is  a  sedimentary  rock,  formed  by  the  deposition 
of  minute  pai  tides  of  the  primary  rocks,  in  the  state 
of  mud,  which  has  been  subsecpiently  consolidated  by 
heat  and  pressure :  in  those  slate  rocks  which  con. 
tatn  vegetable  or  animal  remains,  we  can  scarcely 
conceive  of  any  other  mode  of  formation.  Many  slate 
rocl^s,  however,  in  which  no  such  vestiges  of  organic 
existence  occur,  may  have  been  deposited  by  subter- 
ranean eruptions  of  water  and  earthy  particles,  and  may 
be  as  original  formations  as  any  of  the  lower  rocks  of 
iirneous  origin.  In  some  instances  the  muddy  depo- 
sitions have  become  intermixed  with  the  matter  ejected 
bv  submarine  volcanoes,  or  with  fragments  and  par- 
ticles of  more  ancient  rocks,  which  have  been  broken 
and  distributed  by  some  of  the  great  terrestrial  con- 
vulsions that  have  taken  place  during  the  ti*ansition 
epoch.  It  is  this  intermixture  which  has  produced 
the  varieties  of  greywacke  rocks^  which  pass  from  a 
coarse  date  into  conglomerate  rocks,  and  in  other 
cases  seem  to  be  composed  of  an  intermixture  of 
slate  and  sand,  diffiering  little  from  sandstone.  Again, 
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we  find  volcanic  or  trap  rocks  so  intermixed  with 
sedimentary  and  sandy  particles,  that  it  is  difficult  to 
determine  whether  they  partake  more  of  an  aqueous 
or  igneous  origin :  such  rocks  are  not  unfrcquently 
met  with  among  the  transition  rocks  of  England. 

Greywacke  and  Gre^fwacke-Slate :  German  Qrau» 
xcackc. —  This  dissonant  term,  which  we  have  bor- 
rowed from  the  German,  the  French  geologists  have 
exchanged  for  a  name  not  more  harmonious,  though 
more  expressive,  TrainnalCf  Iroin  the  G reek  2%ri3rz/5;«<7, 
a  fra ixment. 

Greyuacke,  in  its  most  common  form,  may  be  de- 
scribed as  a  coarse  slale  containing  particles  or 
fragment^  of  other  rocks  or  minerals,  varying  in  size 
from  two  or  more  inches  to  the  smallest  grain  that 
can  be  perceived  by  the  eye.  When  the  imbedded 
particles  become  extremely  minute,  grey wacke  passes 
into  common  clay-slate.  When  the  particles  and 
fragments  are  numerous,  and  the  slate  in  which  they 
are  cemented  can  scarcely  be  perceived,  grey  wacke 
becomes  coarse  sandstone  or  giitstone,  When  the 
fragments  are  larger  and  angular,  grey  wacke  might 
be  describe<l  as  a  breccia  with  a  paste  of  slate. 
When  the  fragments  are  rounded,  it  mi^ht  not  im- 
propcily  be  called  an  ancient  conglomerate.  When 
rocks  of  gr(\vwackc  have  a  slaty  structure,  they  form 
grc}  wacke- n1  ate. 

Greywacke  has,  hv  some  of  the  French  cjeolomsts, 
been  describccl  as  a  transition  sandstone,  N<'ith  a 
cement  either  of  siliceous  earth  or  of  slate.  This 
dclinilion  agrees  vvitii  the  gritstones  associated  with 
the  upper  transition  or  mountain  limestone.  Where 
the  paste  is  hard  and  siliceous,  as  I  have  observed  in 
the  greywacke  of  Savov,  that  separates  the  primary 
from  the  secondary  rocics,  many  of  the  siliceous  par- 
ticles may  have  been  original  concretions  formed  at 
the  same  time  as  the  paste ;  and  where  these  con- 
cretions are  all  composed  of  quartz,  we  may  infer 
that  such  has  been  their  mode  of  formation.  In  other 
instances,  the  I'ragments  are  evidently  the  debris  of 
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more  ancient  rocks»  that  have  been  broken  down  by 
some  great  catastrophe,  and  mixed  with  more  recent 
beds  at  the  period  when  they  were  forminf^.  This 

mode  of  Ibrmation  im{)lies,  that  considerable  period 
elapsed,  between  tlie  tbnnation  of  the  primary  and 
secondary  rocks.  The  frai^nients  are  always  those 
of  lower  rocks,  and  never  of  the  upper  strata.  In 
some  situations  immense  beds  ot  loose  conglomerate, 
composed  of  large  fragments  and  boulders  of  the 
lower  rocks,  separate  the  slate  rocks  from  thecalcare- 
ous  formations :  such  conglomei  ates  may  be  regarded 
as  occupying  the  geological  place  of  grey  wacke,  and 
belonging  to  the  greywacke  formation. 

The  old  red  sandstone,  about  which  so  much  has 
been  written  and  so  little  understood,  is  a  greywacke, 
coloured  red  by  the  accidental  admixture  of  oxide  of. 
iron.  In  Monmouthshire,  the  relations  of  red  sand- 
stone with  greywacke,  and  the  passage  of  one  rock 
into  tlie  other,  may  be  distinctly  observed  ;  the  con- 
nection also  with  the  lower  gritstone,  under  the 
mountain  limestone,  may  be  plainly  traced.  Here, 
then,  we  have  the  mountain  limestone  with  its  alter- 
nating beds  of  grit,  the  red  sandstone  and  the  grey- 
wacke^ evidently  members  of  the  same  formation; 
and  to  make  the  connection  more  complete,  the  red 
sandstone  contains  beds  of  limestone,  which  form 
the  link  between  the  lowei  iiansition  and  the  upper 
tiansition  limestones.  This  limestone  is  imperlcct, 
being  intermixed  with  siliceous  particles ;  it  is  of  a 
greenisii  coh:)ur,  and  iience  called  Gooseberry  lime- 
stone. The  red  sandstone  also  passes  into  claystone, 
which  is  as  well  characterised  as  that  of  the  Pentland 
Hills*  From  the  quantity  of  oxide  of  iron  and  of  red 
marie  in  some  beds  of  tlie  old  red  sandstone,  and 
from  its  passage  into  claystone,  I  am  inclined  to  be- 
lieve that  the  red  sandstone  of  Monmouthshire  has 
partlyvbeen  formed  Cy  an  intermixture  with  sub- 
marine volcanic  eruptions. 

The  old  red  sandstone  occupies  in  many  situations 
tiie  geological  position  of  greywacke,  and  grey wacke- 
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slate,  into  which  it  passes  merely  by  a  change  of 
colour.  The  principal  reason  why  it  lias  not  been 
generally  recoi^ni/etl  as  htlonLrinix  to  the  ureywacke 
formation  is,  that  it  has  liequently  been  coiifoiinded 
with  the  red  sandstone  above  the  coal  ibrtuation : 
some  of  the  beds  greatly  resemble  each  other,  and  it 
is  not  yet  clearly  ascertained,  whether  the  red  sand- 
stone in  some  parts  of  England  and  Scotland  be  the 
eld  red  sandstone  or  the  new.  Until  English  geo- 
logists shall  renounce  their  prejudices,  and  place  the 
old  red  sandstone  and  mountain  limestone  in  the 
transition  class,  with  greywacke  and  transition  lime- 
stone, every  attempt  will  be  vain  to  identify  this  part 
of  the  geoloiry  of  England  with  that  of  the  Conti- 
nent: })articular!y  as  the  Alpine  limestone  of  foreign 
geologists  is  a  very  diiierent  Ibrmation  from  the 
transition  limestone,  comprising  the  several  form- 
ations of  limestone  above  the  coal  strata,  and  new 
red  sandstone,  or  what  the  French  call  Gres  bigarre. 

Transition  Limesione^  —  English  geologists  have 
until  very  recently  restricted  the  name  to  the  lime- 
-stone  bens  that  occur  in  or  below  the  old  red  sand- 
stone ;  ilu  se  \  ary  considerably,  but  have  generally  a 
snb-crystalline  textnre,  and  are  of  difterent  colours, 
red,  brown,  gi  ey,  black,  or  variegated.  The  lower 
beds  in  Devotishire  are  beantifidly  veined  and  spotted, 
and  take  a  liigh  polisii.  Tlie  transition  limestones  of 
Dudley  and  Wenlock  have  a  light  dull  grey  colour, 
and  are  less  crystalline  than  those  of  Devonshire,  or 
than  the  upper  transition  or  mountain  limestone 
above  the  old  red  sandstone. 

Transition  limestone  occurs  in  beds  alternating 
with  slate,  greywacke,  greywacke-slatC)  and  coanie 
gritstone.  Some  of  these  beds  are  of  consitlerable 
thickness,  and  form  mountain  masses.  The  lowest 
beds  alternate  w^ith  slate;  thev  contain  few  orijanic 
remains.  The  variegated  limestone  of  Devonshire  is 
of  this  kind.  Sometimes  numerous  thin  strata  of 
slate  and  transition  limestone  alternate,  and  are  much 
bent  and  contorted.    A  very  remarkable  instance  of 
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tins  occurs  at  Drew&teififiiton,  iiearMorcton,  in  Devon- 
shire, where  a  seiies  of  thin  strata  of  dark  limestone 
alternate  with  strata  of  indurated  slate,  and  are  bent 
and  folded  in  various  directions.  Were  we  to  take 
a  number  of  alternating  sheets  of  black  and  brown 
paper,  and  fold  them  nearly  round  a  wine  decanter, 
and  then  bend  them  back  over  the  lower  folds,  we 
should  have  a  not  unapt  reprcseutation  of  the  sin- 
gular contortions  of  the  strata  in  this  place,  where 
they  are  exposed  to  view  by  extensive  quarries  cut 
in  tiic  rock. 

The  remarkable  contortions  of  the  beds  of  transi- 
tion limestone  and  slate,  imply  the  operation  of  a 
cause  that  could  not  only  bend  but  soften  the  strata ; 
ancf  were  we  to  admit  that  granite  has  once  been  in 
a  state  of  fusion,  and  been  protruded  through  the 
outer  crust  of  the  globe,  the  immediate  contiguity 
of  these  bended  strata  to  the  granite  of  Dartmoor 
might  indicate  the  agent  by  which  the  effects  were 
produced.  Near  Dudley,  in  Staffordshire,  we  have 
another  remarkable  instance  of  the  bending  of  beds 
of  transition  limestone ;  but  this  is  in  the  vicinity  of 
basaltic  rocks,  which  are  now  admitted  to  be  of 
igneous  origin. 

The  limestone  at  Wren's  Nest,  near  Dudley,  con- 
sists of  two  beds  —  one  ten,  and  the  other  fourteen 
yards  thick,  resting  upon  beds  of  soft  and  imper- 
fect limestone  and  shale,  called  wild  measures.  The 
two  beds  of  limestone  are  separated  by  strata  of 
wild  measures  thirty-eight  yards  in  thickness;  they 
are  raised  u})  togethci-  in  a  position  approaching  to 
vertical,  anil  are  loided  round  tlie  hill,  and  enclose  a 
space  of  about  fifty  acres,  with  a  double  wall  of  lime- 
stone rising  above  the  country,  like  an  oval  tower 
widening  at  the  lower  part. 

jf  two  sheets  of  pasteboard  were  separated  by  a 
quire  of  blue  paper  and  laid  fiat,  and  a  blunt  metallic 
*n>d  were  thrust  through  the  whole  from  beneath,  it 
wonid  force  the  lower  sheet  of  pasteboard  through 
die  upper  sheets^  and  represent  the  present  position 
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of  the  ttraU  at  Wren's  Nest  Hill.   At  Dudley  Castle 

Hill,  about  a  mile  distant,  the  beds  of  limestone  are 
bent,  and  dip  on  each  side  of  the  iiiii.  (6cc  a  section 
of  this  hill,  Plate  IIL  fig.  1). 

A,  Wren's  Nest  Hill;  a  a,  h  b,  the  two  beds  of 
limestone  enfold  the  hill,  as  re})resented  in  tlie  small 
coin}>artineQt  above  the  section.  The  dotted  line 
and  open  spaces  show  where  tiie  iimeatone  ha^  been 
quarried  way:  1,  %  are  deep  galleries  over  each 
other,  along  which  the  limestone  is  also  quarried ;  the 
lower  is  near  the  level  of  a  canal  which  penetrates 
the  hill  to  convey  the  limestone  away  :  represents 
the  outcrop  of  the  thirty  feet  bed  of  Staffordshire  coal, 
which  comes  to  the  surface  near  Wren's  Nest  Hill  ; 
B,  represents  the  arrangement  of  the  limestone  strata 
at  Dudley  Castle  Hill,  simiku'  to  that  at  Wren's  Nest 
Hill;  and  D,  a  hill  capped  with  rudely  columnar 
basalt  in  the  vicinity.  In  this  section  the  proportion 
of  distance  has  been  disregarded,  in  order  to  comprise 
the  different  objects  in  one  view:  the  distance  between 
Dudley  Castle  Hill  and  Wren's  Nest  Hill,  is  about 
two  miles.  The  strata  at  Dudley  Castle  Hill  are 
what  is  called  saddle  shaped,  declining  on  each  side 
of  the  hill. 

The  transition  limestone  of  Dudley  is  not  covered 
by  any  beds  of  the  upper-transition  or  mountain 
limestone,  but  by  strata  about  seventy-six  yards  in 
t{)tal  thickness,  composed  of  imperfect  limestone  and 
sandstone,  which  separate  it  from  the  lowest  coal 
measures.  It  is  therefore  to  be  particularly  noticed, 
that  the  coal  strata,  which  in  most  of  tiie  coal  districts 
in  England  re«»t  upon  the  upper  transition  or  moun- 
tain limestone,  in  this  part  of  Staffordshire  rest  upon 
the  lower  transition  limestone.  The  remarkable  finsil, 
the  trilobite,  called  the  Dudley  fossil,  occurs  prin- 
cipally, if  not  entirely,  in  a  stratum  under  the  first 
limestone.  There  are  shells  in  what  are  called  the 
wild  measures,  but  they  are  in  a  soft  and  decomposing 
stale. 

The  lowei*  transition  limestone  iu  England  and 
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Wales,  is  not  a  very  extensive  formation  :  it  skirt*; 
the  granite  of  Daitmoor,  and  |)art  ot  the  Malvern 
Hills  ;  it  extends  in  a  narrow  belt  from  Wenlock,  in 
Shropshire,  to  Caermarthen,  in  Wales,  and  is  generally 
accompanied  yy\th  soft  greenish  schistose  strata,  called 
dve  earth,  which  contain  numerous  impressions  of 
shells.  A  few  patches  of  this  limestone  occur  in 
yarious  parts  of  the  slate  districts  in  Wales,  and  Cum- 
berland. TTiis  part  of  the  transition  limestone  series 
is  chiefly  remarkable  (or  its  organic  remains  j  it  is 
rarely  metalliferous. 

Tlie  Tipper  transition  or  mountain  limestone  is,  as 
I  have  before  stated,  the  limestone  to  which  the 
French  geologists  gave,  par  excellence^  the  name  of 
Calcaire  de  tramition.  It  is  by  many  English  geolo- 
gists considered  as  a  distinct  Ibrmation  from  the 
lower,  or  what  they  call  the  true  transition  limestone; 
and  it  is  said  to  be     separated  from  it  by  the  im- 

fiortant  formation  of  the  old  red  sandstone  but  the 
atter  is  only  a  variety  of  grey  wacke,  and  is  acknow- 
ledged, even  by  those  who  make  it  a  distinct  formation, 
to  graduate  into  greywacke,  and  to  possess  all  the 
general  characters  of  that  rock,  except  that  it  is 
coloured  red.  The  old  red  sandstone  contains,  in 
some  situations,  beds  of  imperfect  limestone,  which 
may  be  said  to  connect  the  lower  transition  and 
mountain  limestones  into  one  formation,  together 
with  the  associated  beds  of  greywacke,  red  sandstone, 
and  gritstone.  In  Denbighshire,  and  some  parts  of 
Craven  in  Yorkshire,  a  thick  mass  of  conglomerate, 
consisting  of  sand  and  large  water-worn  boulders  of 
the  lower  rocks,  separates  the  lowest  beds  of  moun- 
tain limestone  from  the  subjacent  slate  rocks. 

Mountain  limestone  is  one  of  the  most  important 
calcareous  rocks  in  England  and  Whales,  both  from 
its  extent,  the  thickness  and  nimil)er  of  its  beds,  the 
quantity  and  variety  of  its  organic  remains,  and  its 
richness  in  metallic  ores,  particularly  of  lead.  In 
Derbyshire,  where  the  diflerent  beds  of  limestone 
have  been  pierced  through  by  the  miners,  the  average 
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thickiK^'^s  of  the  tlirec  iij)pernu)st  is  about  160  yards; 
the  beds  are  separated  by  beds  of  trap  or  basalt, 
re  einblini»:  ancient  bivas.  'J'he  lowest  limestone  has 
not  been  pierced  throu<^h.  In  the  northern  part  of 
Yorkshire,  and  in  Westmoreland  and  Cumberland, 
the  beds  of  montUain  limestone  alternate  with  beds 
of  gi*eywacke-slate,  and  of  conrsc  sandstone.  In 
North  Wales,  and  in  Somersetshire,  mountain  lime- 
stone forms  entire  mountain  masses,  of  vast  thickness, 
distinctly  stratified ;  the  strata  often  varying  in  colour, 
and  sometimes  in  the  nature  of  their  organic  remains. 

The  beds  of  mountain  limestone  in  England  and 
Wales  vary  much  in  colour  and  quality.  The  colour 
is  most  commonly  liglit  .^rey,  but  it  is  sometimes 
black  and  sometimes  a  reddish  brown,  or  is  variegated. 
The  limestone  is  generally  sisfliciently  hard  to  receive 
a  high  polish,  and  forms  what  is  denominated  marble 
of  considerable  beauty.  The  texttne  is  more  or  less 
crystalline.  —  The  prevailing  characteristic  organic 
fossils  are  encrinites  and  madieporcs.  The  upper 
beds  of  mountain  limestone  in  Derbyshire  appear  to 
be  almost  entirely  composed  of  encrinites.  A  bed  of 
*  black  limestone  with  madrepores  occurs  in  West* 
moreland ;  it  is  more  rare  in  Derbyshire,  but  is  found 
in  the  lower  part  of  the  mountain  limestone  in  North- 
Wales,  and  Shropshire,  and  also  in  Devonshire.  It 
takes  a  beautiful  polish,  and  h  much  used  for  chim- 
ney-j)ieces.  The  black  colour  appears  to  be  derived 
from  bitumen,  for  it  is  injured  by  heat,  and  is  expelled 
entirely  by  burning.  Mountain  limestone  is  generally 
a  nearly  pure  carbonate  of  lime  ;  but  some  beils.  and 
even  entire  hills  of  this  limestone,  contain  a  large 
])ortion  of  magnesia,  like  the  dolomite  of  the  Alps. 
The  mountam  magnesian  limestone  of  England  is 
generally  harder  than  the  common  limestone,  and  has 
frequently  a  reddish  brown  colour.  Brcedon  Hill,  in 
Leicestershire,  and  Cloud's  Hill,  in  its  vicinity,  are 
entirely  composed  of  magnesian  limestone ;  there  are 
several  beds  of  similar  limestone  which  form  low  hills 
in  the  ac^acent  country :  th^  may  all  be  regarded  as 
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ao  extension  of  the  Derbyshire  mountain  Itmestonei 
ranging  southward  towards  Chamwood  Forest,  and 
terminating  at  Grace  Dleu»  where  the  limestone  is 
nearly  in  contact  with  the  granitic  and  porphyritic 
rocks.  I  say  these  may  be  regarded  as  an  extension 
of"  the  Derbyshire  luuiintain  hme.stone,  though  the 
continuity  is  partly  concealed  by  a  covering  of  the 
red  marie,  and  by  coal  measures  :  the  liuiestoiie  con- 
tains the  same  characteristic  fossils  as  the  Derbyshire 
limestone,  particularly  encrinites  (screw  stones),  and 
the  euomphalus  ;  but  these  are  not  abundant.  The 
straU  of  BreedoD  Hill  and  Cloud's  Hill  are  much 
exposed,  having  been  extensively  quarried  for  lime 
during  a  long  period ;  they  rise  southerly  from  4<5'* 
to  60\  When  I  visited  these  hills  in  1811,  I  was 
forcibly  struck  with  the  appearance  and  elevation  of 
the  strata,  and  I  was  dispobcJ  to  attribute  their  posi- 
tion to  the  distmbing  force  which  had  elevated  the 
granitic  range  of  Cliiiriiw ood ;  but  such  opinions  were 
at  that  time  much  discouraged  by  English  geologists. 
1  visited  these  quarries  again  in  18^0,  after  having 
repeatedly  observed  similar  effects  produced  in  the 
proximity  of  granite,  and  I  was  confirmed  in  my 
former  views. 

The  theory  of  Von  Buch  respecting  the  conversion 
of  common  limestone  into  magnesian  limestone  by 
the  proximity  to  porphyry  (see  Chap.  XL),  may  be 
considered  as  deriving  some  support  fjoni  the  near 
approach  of  this  magnesian  limestone  totlie  porphyry 
and  porphyritic  sienite  of  Charnwood.  1  sliall  lefer 
to  tlie  subject  elsewhere.  The  reason  for  entering 
more  into  detail,  respecting  the  magnesian  limestone 
of  Breedon  and  Cloud's  Hill  than  may  appear  con- 
sistent with  an  introductory  work,  is,  that  tlie  strata 
ot'  the  latter  hill  present  an  anomalous  appearance^ 
which  I  have  not  observed  elsewhere,  and  which  is 
connected  witli  the  inquiry  respecting  the  character 
of  stratified  rocks.  At  Cloud^s  Hill,  the  face  of  the 
rock  which  is  worked,  rises  to  the  height  of  about 
300  feet.    The  stratiticatiou  is  most  distinctly  marked 
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by  regular  strata  seams,  or  partings,  which  show  the 
elevation  of  the  strata  to  be  about  66^r  In  the  midst 

of  these  strata  there  are  masses  in  whicli  all  traces  of 
stratification  are  obliterated  :  these  masses  are  not 
separated  by  any  partings  or  divisions  wluiLcver  from 
the  strata  which  surround  them  ;  the  masses  and 
limestone  strata  are  precisely  of  the  same  quality,  and 
similar  in  appearance.  The  masses  are  more  didicult 
to  work  because  they  have  no  regular  partings ;  these 
masses  arc  on  this  account  called*  by  the  qunrrymen, 
knobs*  Tiie  annexed  cut  represents  one  of  these 
unstratified  knobs. 


«    stnia  of  lunestone;  b,  an  unttratifieil  knob  of  liineatone. 


^  Instances  of  unstratified  beds,  and  masses  of  one 
kind  of  rock  interposed  between  regular  strata  of 
another  kind,  are  not  uncommon;  and  in  the  midst 
of  primary  rocks,  divided  by  regular  cleavages,  parts 
may  fre(juently  be  seen,  in  which  the  cleavages  or 
divisions  are  obliterated ;  but,  in  both  these  cases, 
the  cause  of  this  obhteration  may  be  found  in  ig* 
neous  fusion,  combined  with  refrigeration.  If  the 
unstratified  masses  at  Cloud's  Hill  owe  theur  form  to 
the  action  of  heat,  it  is  difficult,  if  not  impossible  to 
conceive,  how  this  heat  could  have  changed  internal 
portions  of  tlie  limestone,  without  affecting  the  sur- 
rounding strata.  In  De\onshire,  ant!  elsewhere,  hills 
of  mountain  limestone  may  be  seen,  in  wlncii  the 
strantication  of  the  entire  n)ass  is  obliterated  or  nearly 
so;  but  there  can  be  no  dithculty  in  this  case, —  in- 
deed, it  may  be  said  tiiat  we  do  not  know  that  the 
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limestone  was  ever  stratified,  thou^  the  probabilities 
are  greatly  in  favour  of  its  having  been  so. 

I&narcable  sudden  changes  may  be  sometimes 
observed  in  the  quality  of  the  same  beds  of  mountain 
limestone.  At  Llanymynah,  in  Siiropshire,  a  lull  com- 
posed of  this  limestone,  the  quality  of  the  limestone 
on  one  side  of  the  hill  is  considered  hv  the  lime- 
burners  of  the  very  best  kind;  while,  at  a  little 
distance,  the  same  strata  are  so  impure,  Ironi  an 
intermixture  with  sand  and  clav,  that  thev  cannot 
be  used  with  advantage.  But  what  is  more  remark- 
able, 1  have  seen,  in  this  hill,  a  stratum  of  the  best 
limestone,  lying  regularly  between  other  strata,  sud- 
denly terminate,  and  a  wliitish  calcareous  niarle 
occupy  its  place,  preserving  the  same  degree  of 
thickness,  and  the  same  direction.  As  these  strata 
contain  marine  organic  remains^  and  were  deposited 
at  the  bottom  of  the  ocean,  we  may  suppose  that 
a  submarine  current  had  prevented*  the  limestone 
from  extending  further,  and  supplied  its  place  by 
a  deposition  of  clay,  before  the  stratum  above  was 
deposited.  In  the  former  case,  where  the  strata 
of  good  limestone  become  in  some  parts  calcareous 
and  impure,  we  may  suppose  that  submarine  cur- 
rents, carrying  away  particles  of  s^d,  had  inter* 
mixed  them  with  the  calcareous  depositions  in  one 
part,  but  not  in  another.  Indeerl,  this  sudden  change 
in  the  quality  of  the  limestone  is  so  common  in  part 
of  North  Wales,  that  the  woikiucu  have  given  to 
it  the  expressive  name  of  Ikdkslone,  Wiicn  I  was 
first  informed  of  the  balkstone,  and  saw  that  it  im- 
peded the  operations  of  the  quarrymen,  I  expcctctl 
to  have  Ibund  a  dyke  of  basalt,  and  was  surprised  to 
observe  a  mass  of  stratified  limeslone,  of  an  impure 
quality,  cuttiiiLi,  tiuough  the  best  limestone  like  a 
thick  wall,  and  left  standing,  the  good  limestone 
being  worked  away  on  each  side  of  it.  This  wall  of 
limestone  was  of  a  darker  colour  than  the  rest;  it 
contained  the  remains  of  encrinites.  It  is  owing,  I 
conceive,  to  the  irregularities  in  tiie  deposition  of  the 
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Strata,  from  causes  attending  their  original  fomiation» 
that  soft  and  irregular  beds  or  masses  of  clay  occur 

in  mountain  limestone,  which  have  subsequently  been 
washed  out  by  subterranean  currents  of  water,  and 
fornied  excavations  and  caverns  of  considerable  mag- 
nitude. Many  instances  nii^ht  be  cited  of  large 
streams,  and  even  rivers,  engulfed  in  mountain  lime- 
stone, and  rising  again  at  the  distance  of  several 
miles.  In  the  northern  counties  these  openings  are 
called  Swallow  Holes.  Mr.  Farey  has  enumerated 
twenty*eight  swallow  holes  in  the  mountain  limestone 
of  Derbyshire. 

It  is  in  the  lower  beds  of  mountain  limestone 
that  enormous  natural  caverns  frequently  occur:  such 
are  the  well-known  cavern  near  Castletown,  and 
Pool's  IJolc,  near  Buxton,  in  Derbyshire;  and  Yordas 
Cave,  under  W'hernside,  in  Craven.  Gordal  Scar  and 
Weatlicrcote  Cove,  in  the  same  district,  cannot  pro- 
perly be  called  caverns,  as  they  are  open  to  the  day  ; 
but  the  latter  was  probably  once  a  cavern,  of  which 
the  roof  has  fallen  in.  In  all  these  caverns,  and 
others  that  1  have  observed  in  this  limestone,  there 
is  a  stream  of  running  water,  which  is  more  or  less 
copious  in  rainy  or  dry  seasons.  I  am  inclined  to 
believe  that  the  caverns  have  been  formed  bv  the 
agency  ()^  water  percolating  tlHough  natural  fissures, 
and  in  the  laj)se  of  ages  excavating  the  softer  or 
more  broken  parts  of  the  rock.  The  prodigious 
force  with  which  these  subterranean  streams  rush 
through  the  openings  of  some  of  these  caverns,  after 
continued  rains,  suggests  the  probability  of  this  mode 
of  formation.  The  whole  of  that  enormous  mass  of 
limestone  in  Craven,  from  Ingleborough  and  Whem- 
side  to  Gordal,  is  intersected  by  perpendicular  fiv 
sures,  which  are  narrow  at  the  top,  and  become 
wider  as  they  descend,  through  which  the  water  may 
be  heard  to  run  at  a  vast  depth  below.  These  unseen 
but  ever-active  streams  are  slowly  but  progressively 
wearing  down  the  internal  pa  its  of  these  calcareous 
mountains,  and  depositing  them  in  the  sea. 
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The  mountain  limestone  of  Derbyshire  demands 
particular  attention  from  the  interesting  geological 
phenomena  which  it  presents ;  though  it  has  been 
much  visited  and  frequently  described^  I  believe  the 
aocoants  hitherto  given  have  been  in  some  respects 
erroneous.  I  revisited  the  country  round  Matlodc 
soon  after  mj  return  from  the  CoDtinent,  and  was 
then  oomrinced  that  the  structure  of  the  calcareoiB 
mountains  bad  been  mistaken ;  but  the  state  of  mj 
health  did  not  permit  me  to  pursue  the  inquiry. 
Since  the  publication  of  the  Liiiid  edition  of  this 
-w'oi  k,  1  have  again  examined  this  part  of  the  country 
carefully,  and  shall  briefly  state  the  result  of  iny 
observations.  Mr.  Wiiitehurst  has  the  merit  of  being 
the  first  observer  who  discovered  some  of  the  leading 
features  of  tiie  geology  of  this  district:  he  boldly 
pronounced  that  the  beds  of  trap  and  amygdaloidL 
provinciaily  called  Toadsione,  which  are  interposed 
in  the  limestone,  were  volcanic,  or,  at  least,  had  an 

S neons  origin.  This  opinion  was  much  opposed  at 
e  time;  it  is  now  confirmed  by  such  a  weight 
of  evidence,  as  to  leave  little  doubt  respecting  its 
correctness  (See  Chap.  X.),  though  tlie  facts  and 
arguments  by  which  Mr.  Whitehurst*s  views  were 
then  supported  were  in  some  respects  fallacious. 

Mr.  Farey,  who  followed  Mr.  Whitehui'st,  adopted 
the  same  views  of  the  general  structure  of  the 
country*  though  his  opinions  respecting  the  form- 
ation of  the  toadstooe  were  entirely  different ;  he 
considered  it  to  be  an  aqueous  deposition,  formiitt 
regular  strata,  like  those  of  sandstone  in  the  cod 
rikeasures. 

Mr.  Whitehurst  and  Mr;  Farey  describe  three  beds 

of  toadstone,  and  four  of  limestone,  in  a  descending 
series. 

1.  Tlie  first  limestone  150  feet,  with  much  white 

chert. 

2.  The  first  toadstone  4<8  leet,  vesicular  and  arayg- 

daloidal. 

L 


Digitize 


146        HOONTAIH  LIMESTONE,  DERBT8HIRE. 


3.  Tl  le  second  limestone  150  feet,  contains  beds 
of  maffnesiaii  limestone. 

4}.  The  second  toadstone  l'2S  leet,  more  compact 
tiian  the  first  toadstone. 

5.  The  third  hmestone  180  iieet,  contains  black 
madrepore  beds.« 

This  may  be  an  approximation  to  the  thickness  of 
the  five  upper  beds  near  Matlock  Bath,  but  is  by  no 
means  an  accurate  statement  of  the  succession  and 
thickness  of  the  beds^  in  other  parts  of  the  county. 
It  may  be  proper  to  remark,  also,  that  the  limestone 
is  distinctly  stratified,  and  the  strata  of  limestone  are 
often  divided  l)y  strata  of  clay,  })ro\incially  called 
way-boards,  and  also  by  strata  or  rather  seams  of 
siliceous  stone  called  chert,  resembling  flint,  but  less 
splintery  in  the  fracture,  and  fusible;  which  latter 
property  is  doubtless  owing  to  an  admixture  of  cal- 
careous earth.  Tliese  strata  of  xJiert  occur  most 
frequently  in  the  upper  limestones:  they  contain, 
like  the  limestones,  remains  of  shells  and  encrinites. 
As  loose  blocks  .of  chert  with  encrinites  are  some- 
times ploughed  UD  in  the 'fields,  Mr,  Farey  supposed 
that  these  blocks  have  been  converted  from  limestone 
into  chert  by  some  unknown  process, — an  opinion 
for  which  there  is  not  the  slightest  (bundation.  The 
chert  blocks  are  tiie  remains  of  hard  strata,  which 
have  resisted  decomposition  or  destruction,  in  the 
same  manner  as  nodules  of  flint  in  the  upper  chalk. 
Large  bivalve  shells  (produclus)  are  found  both  in 
the  limestone  and  chert.  The  thick  beds  of  toad- 
stone that  divide  the  upper  from  the  lower  lime- 
stones, were  supposed  by  Mr.  Whitehurst  to  have 
been  protruded  between  them  in  a  state  of  fusion : 
this  opinion  will  be  examined  subsequently.  Admit> 
ting  its  truth,  it  would  sufficiently  account  for  the 

♦  6.  The  third  toadstone  GG  feet  uncertain. 

7.  The  lourth  hmestone  not  pierced  through,  uncertain. 

These  beds,  though  mentioned  by  l  avay  and  Wbitehant,  I 
regard  as  doubtful.  If  there  be  no  regular  third  toadstone,  the  third 
limestone  is  the  upper  part  of  what  they  call  the  fourdi  Uroeatone. 
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great  irr^^arity  in  the  thickness  and  succession  of 

these  beds,  which  is  known  to  prevail  throughout 
the  Peak  ol' Derbyshire.  All  the  miners  that  1  have 
examined  on  the  subject,  agree  that  the  warm  springs 
wiiicli  abound  in  the  vicinity  of  Matlock,  rise  from 
under  the  second  toadstone,  and  that  when  this  bed 
is  first  pierced  through,  the  water  has  often  a  higher 
temperature  that  the  Matlock  Bath  water,  but  its 
heat  is  reduced  by  admixture  with  cool  springs  in 
the  upper  beds. 

I  have  now  to  observe  that  the  descending  series 
of  limestone  and  toadstone,  from  No,  1.  to  No.  6.9 
or  the  third  limestone,  may  all  be  found  in  the  vi- 
cinity of  Matlock,  and  many  other  parts  of  the  min- 
ing district;  but  the  beds  of  toadstone  are  of  very 
variable  and  uncertain  thickness.  With  respect  to 
the  third  toadstone,  its  occurrence  as  a  regular  bed 
is  extremely  d()ul)tfhl.  In  some  situations  there  are 
masses  of  toadstone  intervening  in  the  third  lime- 
stone, which  is  of  vast  thickness ;  but  these  beds  of 
toadstone  are  generally  extremely  irregular:  where 
they  occur,  they  of  course  divide  the  third  limestone 
into  two  beds.  The  iiTegularity  of  these  beds  of 
toadstone,  and  the  disturbance  of  the  regular  strata 
which  they  have  caused,  compelled  Mr.  Farey  to  call 
them  chance  beds,  to  avoid  the  admission  of  their 
igneous  origin.  In  the  same  manner  he  explained 
the  protrusion  ot  the  granitic  range  of  rocks  in 
Charnwood  Forest :  he  described  them  as  cliancc  beds 
m  ike  red  marie.  It  was  sniely  an  extraordinary 
chance,  which  produced  rocks  that  extend  under 
every  other  rock  formation  in  the  midland  counties 
of  England.  There  are,  however,  circumstances  at- 
tending the  stratification  of  the  mountain  limestone 
of  Derbyshire,  that  have  not  been  noticed  by  any  of 
the  authors  I  am  acquainted  with,  who  have  de- 
scribed this  country.  There  are  evident  indications 
of  an  upheaving  force  acting  on  several  parts,  and 
bending  the  strata  into  arches,  the  segments  of  large 
curves  as  represented  Plate  XL  %.  1.  a*.       and  fig.  6. 
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in  the  same  plate.  These  curves  are  sometimes  com- 
plete in  the  same  hill ;  but  rreqiiently  their  continuity 
is  broken.  The  strata  of  Matlock  high  Tor  Iinve  been 
described  by  former  writers  as  plain,  and  when  seen 
in  the  face  of  the  rock  they  appear  to  be  nearly  so, 
but  they  are  in  reality  curved,  as  shown  Plate  1*  &g»6* 
They  enfoJd  the  back  part  of  the  hill,  and  are  con- 
tinued into  the  opposite  hill,  Masson,  which  they  also 
enfold*  The  continuity  of  the  strata  is  broken  by  the 
vale  of  the  Derwent,  which  makes  their  true  form 
more  difficult  to  traco  ;  but  the  arched  stratification 
of  the  lower  part  of  the  same  beds  is  distinctly  dis- 
played westward,  and  may  be  seen  from  the  road 
near  Matlock  toll  bar,  where  a  section  is  made  by  the 
Derwent 

A  very  remarkable  instance  of  the  arched  stratifica- 
tion, completely  formed  in  one  situation,  may  be  seen 
four  miles  east  of  Matlock,  in  the  isolated  mountain 
called  Crich  Cliff,  which  rises  about  900  feet  above 
the  Derwent.  The  strata  rise  all  round,  and  enfold 
it»  forming  near!}  spherical  segments,  as  repreaented 
in  the  annexed  cut.  This  section  through  the  hill, 
represents  tlie  arrangement  of  the  beds  or  limestone 
which  dip  all  round  the  hill  c  c  c,  but  are  somewhat 
flattened  at  the  top;  the  shale  and  gritstone  sur- 
rounding tlio  lower  part  of  the  hill  are  represented 
a,  b.  The  true  structure  of  the  hill  has  been  disco- 
vered by  recent  mining  operations ;  several  valuable 
metallic  veins  have  been  explored  in  it,  and  a  gallery 
has  been  driven  into  it,  as  represented  at  f.  It  is 
obvious  that  this  arched  structure  can  only  be  formed 
by  protrusion;  whereas  the  elevation  or  inclination  of 
plane  strata  may  have  been  produced  by  subsidence. 
Now,  when  we  consider  their  near  proximity  to  beds 
of  toadstone  of  igneous  formation,  we  can  nave  little 
difficulty  in  assigning  a  cause  for  this  protrusion; 
but,  fortunately,  we  aie  not  here  obliged  to  have  re- 
course to  conjecture  :  in  driving  the  gallery  towards 
the  centre  of  the  hill,  a  mass  of  toadstone  was  met 
with  (ee\  whieii  was  not  cut  through  when  1  visited 
the  ptace  in  1830.   The  sam^  toadstone  was  found 
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by  sinking  a  shaft  upon  it,  as  represented  in  the  cut 
at  s.  In  this  instance  we  have  the  effects  of  protru- 
sion, and  the  cause,  dis})hiyed  in  the  same  hill.  It  is 
true,  the  bhick  compact  toadstone  iiad  not  been 
reached  in  1830,  but  a  great  mass  of  indurated  careen 
earth,  which  always  accompanies  it,  and  is  r^arded 
by  the  miners  as  toadstone,  and  is  called  by  the  same 
name,  had  been  penetrated  many  yards.  It  was  so 
hard  as  to  require  blasting^.  On  one  side  of  this  hiil 
is  what  is  called  a  pipe  vein,  or  opening  between  the 
strata,  filled  with  metallic  ore.  This  is  represented 
in  the  cut  at  d  ;  the  workings  in  this  vein  have  been 
continuetl  nearly  round  the  liill.  There  arc  also 
numerous  cracks  or  veins  rich  in  lead  ore,  which 
intersect  the  limestone  at  the  bottom  of  the  hill. 
Near  the  top  of  tlic  hill  there  are  quarries  worked, 
which  disphiy  the  strata  rising  towards  the  summit  on 
each  side.  Having  shewn  that  the  mountain  Jime* 
stone  of  Derbyshire  assumes,  in  many  parts,  the 
arched  stratification,  it  may  easily  be  conceived  how 
persons,  not  aware  of  the  circumstance,  may  have 
fallen  into  great  mistakes  in  attempting  to  describe 
the  succession  of  beds  along  a  certain  line ;  for  the 
same  beds,  if  arched,  may  rise  near  the  surface,  or 
above  it,  lepeatedly,  in  the  same  country.  (See 
Plate  I.  fig.  2.) 

Other  cftects  of  the  proximity  of  trap  or  toadstone 
on  hmestoiie  will  be  noticed  in  Chap.  X. 

I  cannot  omit,  before  leaving  the  mountain  lime- 
stone oi  Derbyshire,  to  cite  an  instance  of  the  influ- 
ence which  erroneous  observations,  combined  with 
false  theories,  may  have  in  retarding  the  progress  of 
geology.  Some  years  since,  when  it  was  the  pre- 
vailing desire-of  many  English  geologists  to  make  the 
different  rocks  agree  with  Werner's  arrangement,  and 
they  were  perplexed  how  to  dispose  of  the  mountain 
limestone  —  whether  to  place  it  in  the  transition  class, 
or  what  were  called  the  flcetz  rocks  (or  flat  rocks),  iu 
which  class  were  included  all  tiie  secondary  strata  — 
au  eminent  chemist  irom  the  North  country,  who 
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affected  a  profound  knowledge  of  ideology,  went  into 
Derbyshire  to  decide  the  question,  and,  obsciving 
the  strata  opposite  Matlock  liath  to  appear  horizontal, 
he  published  an  oracular  opinion,  that  the  limestone 
of  Derbyshire  was  ilcetz  ;  and  this  oj)inion  continued 
for  sometime  to  mislead  the  followers  of  Werner  in 
this  country.  Now»  had  this  observer  taken  the  pains 
to  obtain  a  true  section  of  the  strata,  he  might  have 
discoveredy  that  instead  of  being  flat,  they  were  in* 
dined  at  an  angle  of  80  or  40  degrees.  (In  Plate  L 
fig.  6.)  The  strata,  seen  in  the  line  of  bearing,  do 
appear  horizontal,  whereas  the  section  in  the  line  of 
dip  shows  their  true  elevation.  Nothing,  however, 
can  be  more  puerile  than  to  form  a  classirication  of 
rocks,  on  a  circumstance  so  variable  as  the  position 
of  the  beds ;  and  the  name  floetz  is  now  banished 
irom  geology. 

The  upper  transition  or  mountain  limestone  ir 
England  is  particularly  metalliferous ;  the  principal 
ores  are  those  of  lead  and  zinc ;  they  occur  com- 
monly in  veins.  Nearly  ail  the  lead  obtained  from 
the  English  mines  is  found  in  the  mountain  limestone* 
Ores  or  copper  sometimes  occur  in  this  limestone. 

Many  of  the  fossil  organic  remains,  both  in  the 
upper  and  lower  transition  rocks,  are  of  genera  that 
are  not  found  in  the  secondary  limestones.  Some  of 
the  upper  beds  seem  almost  entirely  composed  of 
encrinites  :  madrepores  and  corallites  occur  abund- 
antly in  the  middle  part  of  this  ibrmation. 

Quartz  Rock*  —  Kocks  composed  entirely  of  crys- 
talline grains  of  quartz^  sometimes  occur  among 
primary  and  transition  mountains.  Certain  causea 
appear  to  have  operated  locally,  and  separated  the 
quartz  and  felspar  of  granite  into  masses  of  consider, 
able  size.  The  quartz  rock  in  the  county  of  Wicklow 
1  observed  to  be  formed  of  what  is  called  grcasi/ 
quartz,  similar  to  that  in  numerous  veins  in  the  mica- 
slate,  near  its  junction  with  granite  in  the  adjacent 
mountains,  and  is  probably  contem})orancoiis  witli  the 
veins.   According  to  Dr.  Mac  Culioch,  the  quarts 
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rock  in  many  parte  of  the  Highlands,  presents  evident 

indications  of  being  composed  of  fragments  and 
roiindetl  pieces  again  united,  and  is,  in  fact,  a  quartz- 
ose  grevwacke  or  grit.  Part  of  tlie  Lickey  Hill,  near 
Bronisgrove,  is  composed  of  granular  quartz ;  and 
similar  beds  occur  near  the  village  of  Hartshill,  in  • 
Warwickshire,  between  Athcrstone  and  Nuneaton. 
Quartz  rock^  as  distinguished tromquartzosegritstone^ 
is  an  inconsiderable  ibrniation,  and  may  with  more 
propriety  be  referred  to  the  Transition,  than  to  the 
Primary  Class. 

Jaspar.  —  This  mineral  is  of  rare  occurrence  as  a 
constituent  part  of  beds»  or  of  mountain  masses;  it 
differs  little  from  a  siliceous  flinty  slate»  but  is  gene- 
rally coloured  red,  brown,  or  yellow,  and  is  opaque. 
It  contains  a  large  portion  of  the  oxide  of  iron  in  its 
composition.  Tiie  beds  of  shale  in  coal  mines  that 
liave  taken  fire,  arc  sometimes  converted  into  a  sub- 
stance in  every  respect  resembling  jasper.  There 
arc  beds  of  jasper  of  considerable  magnitude  in  some 
parts  of  the  Apeniiiiu  s,  covered  by  rocks  of  serpen- 
tine. In  some  situations,  beiis  of  slaty  jasper  alter- 
nate with  slate,  to  which  rock  they  appear  to  bear  tkie 
same  relation  as  flinty  slate.  Lydian  stone,  which  is 
a  black  siliceous  flint-slate,  is  by  some  geologists 
called  black  Jasper.  The  only  bed  of  jasper  that  I 
have  seen  among  the  English  rocks,  occurs  associated 
with  beds  of  manganese  ore,  at  Dodscombleigh  in 
Devonshire.  Jasper  sometimes  occurs  in  veins,  and 
forms  nodules  in  basaltic  rocks. 

Hornblende  Rock  and  Greenstone.  —  Hornblende 
antl  liornbiende  slate  have  been  described  as  associ- 
ated witli  primary  rocks:  they  also  occur  in  the  lower 
transition  rocks.  Transition  hornblende  presents  no 
variety  of  character,  by  which  it  can  be  distinguished 
from  primary.  Greenstone,  composed  of  felspar  iind 
Jiornblendo,  in  which  the  felspar  is  white,  and  si  en  itic 
greenstone,  in  winch  the  ielspar  is  red,  sometimes 
occur  in  beds  among  transition  rocks,  particularly  of 
slate. 
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CTfieofi^&miaUp  TransUhn  Aocis*  —  Hornblende 
and  hornblende  slate,  together  with  sienitic  green- 

stone,  and  clinkstone,  most  IVequently  occur  among 
transition  rocks  in  an  unconformable  position,  or  form 
overlying  masses :  these  proj^eriy  belong  to  the  class 
of  trap  rocks,  and  will  be  described  in  Cha}).  X. 
Many  of  these  rocks  appear  identical  with  rocks  oi* 
undisputed  igneous  origin;  but  in  some  situations, 
they  graduate  into  rocks  of  the  transition  series,  which 
appear  to  be  sedimentary  depositions :  hence  we  are 
lea  to  the  conclusion,  that  subterranean  heat  has  acted 
with  diflferent  degrees  of  intensity  on  beds  already 
formed^  and  has  partially  converted  them  into  rocks 
resembling  those  of  igneous  formation.  The  two 
mighty  agents,  fire  and  water,  appear,  also,  to  liave 
been  in  simultaneous  operation,  and  have  given  a 
mixed  or  doubtful  character  to  the  rocks  in  many 
transition  districts. 

It  may  be  useiui  to  take  a  summary  review  of  the 
different  features  presented  by  the  transition  districts 
of  Cumberland,  Westmoreland,  and  Yorkshire  in  the 
BOith ;  and  of  Shropshire,  and  North  Wales  in  the 
middle  districts^  and  of  Devonshire  in  the  south, 
Eadi  of  these  districts  presents  considerable  diversity 
of  character,  and  also  affords  proofs  of  the  mighty 
convulsions  that  agitated  our  planet,  during  consiiler- 
abie  periods  of  the  transition  age.  By  these  convul- 
sions, many  of  the  lower  rocks  were  broken  down 
into  fragments,  forming  beds  of  conglomerate,  and 
various  compound  sedimentary  strata.  In  Cumber- 
land and  Westmoreland,  rocks  of  an  igneous  character 
occur  in  vast  beds,  intermixed  with  slate  and  other 
sedimentary  rocka^  and  in  many  instances  appear  for 
a  certain  space  associated  with  them  contormably. 
Twenty-three  years  since,  when  I  examined  various 
parts  of  these  districts,  these  appearances  presented 
perj)icxiiiij^  ditlituliies  to  my  mind,  as  they  have  since 
done  to  other  geologists.  It  was  then  not  admitted, 
that  aqueous  and  igneous  epochs  of  formation  could 
be  syuchrouous.    In  many  paita  of  Craven,  in  Yoik- 
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sbirey  the  mountain  limestone  is  only  separated  from 
the  greywacke  and  slate»  by  beds  of  coaise  cong^o- 
merate,  which  appear  frequently  to  supply  the  place 
of  the  old  red  sandstone,  and  other  transition  beds. 

In  Devonshire,  the  most  southern  of  the  transition 
districts  in  England,  the  series  consist  principally  of 
slate  rocks  and  greywacke,  with  some  beds  of  lime- 
stone. It  has,  however,  been  recently  ascertained  by 
Messrs.  Murchison  and  Sedgwick,  that  an  extensive 
surface  in  this  county  is  covered  by  the  great  coal 
formation,  once  probably  connected  with  that  on  the 
north  side  of  the  Bristol  channel^  but  in  Devonshire 
the  strata  are  more  indurated,  and  the  coal  occurs  in 
the  state  of  hard  coal  or  Culm.  The  vegetable  fossils 
are  similar  to  those  in  the  coal  basin  of  South  Wales. 

In  Shropshire,  Radnorshire,  and  the  adjacent  Welsh 
counties,  a  series  of  sedimentary  beds  are  found  in  the 
transition  series,  of  which  no  trace  has  been  noticed 
in  the  nortliern  and  soutliern  transition  districts. 

Tlie  transition  rocks  of  Shropshire  and  the  adjacent 
Welsh  counties,  have  been  recently  investigated  by 
Mr.  Murchison:  a  full  and  detailed  account  of  which 
by  that  gentleman,  is  soon  expected  to  appear. 

So  far  back  as  the  year  1811,  when  engaged  in  a 
mineralogical  examination  of  a  part  of  Radnorshire 
for  a  landed  proprietor,  who  entertained  the  fallacious 
expectation  of  possessing  valuable  beds  of  coal  on  his 
estates,  I  was  much  surprised  to  observe  the  great 
extent  and  thickness  of  beds,  which  appeared  to  be- 
long to  what  tiic  Werneiian  geologists  denominated 
the  greywacke  formation,  but  in  which  were  some 
traces  of  imperfect  coal  strata.  In  the  first  edition  of 
this  work,  published  in  1813,  page  90,  I  stated,  **that 
in  one  of  the  mountains  near  New  iladnor»  I  had 
ascended  a  ravine,  which  displayed  a  succession  of 
beds,  intermediate  between  greywacke  slate  and  sand- 
stone,  of  at  least  IdOO  feet  in  thickness."  Be^ 
tween  New  Radnor  and  Ludlow,  I  also  observed  a 
vast  succession  of  similar  beds.  That  part  of  Wales 
was  then  a  terra  incognita  to  English  geologists  aud 
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I  had  no  opportunity  of  iiivesti Grating  that  district 
aiterwardsy  uor  did  it  attract  particular  attention  ior 
twenty  jears,  until  Mr.  Murchison  undertook  to  ex- 
amine it»  and  to  trace  the  succession  of  the  beds, 
and  the  various  interesting  phenomena  which  they 
pesent.  To  this  series,  comprising  the  middle  and 
lower  beds  of  transition  rocks,  he  has  given  the  name 
of  Silurian.  The  order  in  which  they  succeed  each 
other,  ascending  from  the  subjaccut  slate  rocks,  is  as 
follows : — 

Flagstones,  consisting  of  schist,  witli  trilobites, 
sandy  slate,  calcareous  flags,  and  sandstone,  to  which 
is  given  the  name  of  Landeih^flags  and  Caradock 
sandslones.  They  occur  in  Radnorshire  and  Caer- 
marthenshire,  and  at  Caer  Caradock  in  Shropshire* 
The  Caradock  sandstones  consist  of  micareous  sand- 
stone»  shelly  limestones,  and  sandy  limestones.  To 
these  beds,  in  the  aggregate,  Mr.  Murchison  assigns 
a  thickness  of  several  thousand  feet. 

Wenlock  and  Dudley  Limestone  and  Shale,  These 
compose  what  English  geologists  former]  v  considered 
as  transition  limestone  par  excellences  abounding  in 
trilobites  and  corallines.  Their  total  thickness  is 
estimated  at  1800  feet. 

Ludlow  Rocks,  consisting  of  dark-calcined  flags 
and  shale,  grey  subcrystalline  limestone,  more  or  less 
argillaceous,  and  micareous  sandstone;  the  aggre» 
gate  thickness  dOUO  feet 

The  Silurian  beds  occur  under  the  Old  Red 
Sandstone^  which  consists  of  hard  micareous  green 
sandstone,  red  and  green  limestones,  with  argil- 
laceous marie  and  beds  of  sandstone,  with  quartz- 
ose  conglomerate,  overlying  thick-bedded  sandstone. 
To  these  beds  Mr.  M.  assigns  the  extraordinary 
thickness  of  10,000  feet.  Over  them  occur  the 
mountain  limestone  beds  already  described. 

The  vast  accumulation  of  beds  which  compose 
what  is  called  the  Silurian  System,  extend,  but  with 
considerable  interruptions,  from  Caermarthenshire 
and  Radnorshire  on  the  west,  to  Dudley  in  Stafford- 
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shite:  they  are  partly  covered  by  coal  measiiTes  and 

are  broken  by  the  intrusion  of  trap  rocks,  and  by 
great  faults  and  dislocations,  which  have  thrown 
down  or  upraised  part  of  tiie  beds.  From  these 
interruptions  and  fractures  it  is  perhaps  difficult  to 
obtain  a  correct  estimate  of  the  thickness  of  the  dif- 
ferent foraiatk>D8»  aad»  what  has  been  above  stated^ 
can»  I  conceive,  be  only  regarded  as  distant  approx<* 
imatioDS.  The  oi^g^anic  remains  consist  of  marine 
shells  and  corallines^  and  trilobites»  which  indicate 
that  the  beds  were  deposited  under  an  ancient  ocean ; 
but»  in  one  part  of  the  seneSy  there  occur  beds  trader 
coaly  containing  what  are  regarded  as  undoubted 
fresh  water  shells,  which  would  prove  that  dry  land, 
with  lakes  or  rivers,  had  existed  at  that  ancient 
epoch. 

In  the  whole  of  the  transition  series  of  different 
countries,  under  the  great  coai  Ibrraation,  the  pre- 
vailing organic  remains  are  marine :  no  remains  of 
vertebrated  animals  of  a  higher  class  than  fish  have 
yet  been  discovered;  and  no  remains  of  terrestrial 
animals»  that  I  know  of,  have  yet  been  discovered  in 
transition  rocks»  below  the  coal  formation.  Indeed, 
the  evident  contortions  and  disturbances  of  many  of 
the  transition  rocks,  and  the  intermixture  of  con- 
glomerate and  igneous  rocks,  indicate  the  extensive 
convulsions  that  must  have  agitated  the  surface  of 
our  planet  at  that  ancient  epoch ;  convulsions  that 
retarded  the  developenient  of  organic  life,  and  may 
also  have  obliterated  all  traces  of  animal  existence, 
in  situations  where  certain  species  flourished  abun* 
dantly. 

During  these  long  ages  of  disturbance  there 
were^  however,  intervals  of  repose,  in  which  the 
atmosphere  and  the  ocean  were  serene  and  transpa- 
rent Dr.  Buckland,  with  singular  acuteness  and 
felicity,  has  borrowed  the  eyes  of  the  fossil  trilobite 
to  examine  the  actual  condition  of  the  globe  when 
that  animal  flourished.  The  trilobite,  it  has  been 
Lciore  stated,  is  one  of  the  most  ancient  inhabitants 
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of  our  planet.  It  is  an  articulated  aquatic  animal, 
preserved  in  great  perfection  in  transition  rocks  in 
England  and  in  various  parts  of  the  world.  The 
eyes  of  the  trilobite,  like  those  of  several  insects  and 
crustaceous  animals,  are  constructed  of  a  series  of 
small  lenses,  evidently  adapted  to  distinct  vision,  and 
lequiring  a  tranquil  and  transparent  medium  for  the 
performance  of  the  visual  functions,  or,  in  other 
words,  a  clear  and  tranquil  state  of  the  water  and 
atmosphere  was  necessary,  to  enable  the  animal  to 
use  its  eyes  with  advantage.  See  the  admirable 
chapter  on  the  Eyes  of  the  Trilobite  by  Dr.  Buck- 
land.    B.  T,  vol.  1.,  page  396. 

In  Chapter  II.  we  have  given  a  summary  statement 
of  the  vegetation  of  the  transition  epoch.  In  the 
upper  series,  comprisini^  the  great  coal  formation  in 
very  different  degrees  of  latitude,  we  meet  with 
abundance  of  fossil  remains  of  large  plants,  analogous 
to  what  now  grow  in  tropical  climates.  From  hence 
we  are  led  to  infer,  that  our  globe  possessed  generally 
a  very  high  degree  of  temperature  at  the  latter  part 
of  the  transition  epoch.  With  reqpect  to  the  tempe- 
rature of  the  earlier  periods  we  are  less  certain ; 
for  the  vegetable  remains  in  the  lower  transition 
rocks  are  chiefly  marine,  and  the  submarine  rocks, 
on  which  the  fuci  grew,  might  derive  a  local  tempe- 
rature from  adjacent  igneous  rocks. 

The  rare  occurrence  of  remains  of  terrestrial  plants 
and  animals,  in  the  earlier  transition  rocks,  would 
indicate,  that  the  surface  of  our  planet  was  not  then 
oovered  with  extensive  islands  or  tracts  of  perma- 
nently dry  land ;  but  that  it  was  progressively^  ad^ 
vancing  to  a  condition  suited  to  support  h^gb^r  ^'orms 
of*  vegetable  and  animal  organization.  Or  the  lower 
classes  of  animals,  we  find  abundant  remains  in  the 
transition  series  ot  the  middle  period.  These  remains 
are,  chiefly, 

1.  Radiated:  corallines,  madrepores, and enccinates. 

2.  Articulated:  the  trilobite,  and  a  few  small  crus- 

taceous animals,  confined  to  particular  beds. 


Digitiz 


158 


OLD  RED  8AMD8T01IE* 


3.  Molluscous :  certain  species  of  bivalves^  and  the 

nautilus,  with  a  few  species  of  univalves. 

4.  Vertebrated :  certain  species  offish,  not  hitherto 

found  in  more  recent  strata ;  but  neither  re- 
mains of  reptiles,  birds,  nor  mammalia,  have 
yet  been  discovered. 
It  was  till  recently  believed,  that  the  teeth  of  large 
reptiles,  analogous  to  crocodiles,  had  been  found  in 
fresh  water  limestone,  below  the  coal  formation,  at 
Burdie  House,  near  £dinburgh ;  but  M.  Agassiz  has 
ascertained,  that  these  teeth  belonged  to  distinct 
genera  of  fish,  approaching  to  saurians  in  the  structure 
of  their  teeth.   To  these  he  has  given  the  name  of 

Sauroid  fishes. 

In  the  organic  remains  of  the  earliest  transition 
rocks,  we  ap])ear  to  trace  the  first  manifestations  on 
our  j)lanet,  of  creative  power  displayed  in  the  animal 
and  vegetable  kingdoms.  This  is  strongly  confirmed, 
by  the  similarity  of  these  eaily  remains  in  the 
transition  rocks  of  distant  regions,  and  still  farther, 
by  observing  the  progressive  advancement  to  higher 
forms  of  organic;  life,  as  we  ascend  through  the  se- 
condary into  the  tertiary  slate,  indicating  a  })rogressive 
improvement  in  the  condition  of  the  globe,  until  it 
became  suited  to  the  residence  of  man,  and  the  highest 
orders  of  terrestrial  animals. 


Some  geologisti  would  discard  the  use  of  the  term  TrmuUkm 
Bocks g  a  term  which  has  been  generally  employed  ever  since 
geology  became  a  science.    Such  a  change  would  introduce  mudi 

unnecessary  diHiculty  and  confusion  into  gooloixical  descriptions, 
and  retard  tl>e  progress  of  knowledge.  The  ^Silurian  system  for 
hi&tance,  is  named  afler  a  tribe  of  ancient  Britons,  and  the  mem- 
bers of  whidi  it  is  composed,  are  named  after  obscure  localities  in 
England.  These  names,  if  unconnected  with  the  TrantUkm  9eHe$, 
convey  no  meaning  whatever  to  the  foreign  geologist,  but  if  it  be 
stated  that  the  Silurian  system  comprises  a  series  of  Transiiion 
Imfs  below  the  Old  Red  Saiulstonet  the  true  positiim  of  these  beds 
will  be  everywhere  understood. 
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CHAP.  VIIL 

ON  THE  LOWER  OR  GREAT  COAL  FORMATION. 

The  Geological  Position  and  Structure  of  Coel  Diftricts»  called 
Coal-Fields.  —  Dislocation  and  Disturbances  of  Coal  Strata  by 
Faults  and  Dykes.  —  Mineral  Coal,  Anthracite,  Plumbago,  Wood- 
Coal  or  Lignite.  —  Iron-Stone  accompanying  Coal  Strata. — 
On  Carbon  as  an  original  Constituent  Part  of  the  (ihtbt.  —  On 
the  Origin  of  Coal  Strata,  and  their  Deposition  in  Iresh-Wuter 
Lokea  or  Manhea. —  Numeroua  Repetidont  of  the  aaoBe  Seriea  of 
Beda  m  tlie  same  Coal-Fie]d.»Precautions  necessarj  in  the  Esta- 
blishment of  Iron  Furnaces.  —  On  the  Mode  of  searching  for 
Coal.  —  Hints  to  landed  Proprietors  on  the  Probability  of  find- 
ing Coal  in  Districts  where  it  has  not  yet  been  discovered.  — 
On  the  Formation  of  Coal-Beds  in  Fresh-W  ater  Lakes.  —  On 
the  CoDversion  of  Vegetable  Matter  into  Coal.  —  Imperfect  Coal 
Formationa.  —  Salt  Springs  in  Coal  Strata. —  Coal  Mines  in 
France  and  North  America.  —  Observations  on  the  Consumption 
of  Coal  in  England,  and  the  Period  when  the  Coal-Beds  will  be 
exliau^^tcd.  —  Additional  Remarks  on  the  same  Sotject* Sec- 
tion of  the  Coal  Strata  at  Ashley  Wolds. 

In  the  lower  transition  rocks  covering  the  primary, 
described  in  the  preceding  chapter,  we  very  rarely, 
discover  any  remains  of  vegetables,  either  terrestrial 
or  marine.  Carbon,  which  is  the  principal  consti- 
tuent L'lL'iuent  of  all  plants,  is  sehioiu  ibiiiul  as  a  mi- 
neral substance  in  these  rocks ;  for,  with  a  few  ex- 
ceptions, the  vestiges  of  organic  forms  wiiich  they 
contain,  are  of  marine  animals.  Hence  we  are  led  to 
infer,  that  there  were  but  few  islands,  or  tracts,  of 
dry  land,  rising  aboye  the  ancient  ocean,  in  which 
these  marine  calcareous  beds  were  formed  or  depo- 
sited. The  attention  of  the  geological  student  is  now 
required  to  contemplate  a  most  important  and  exten- 
sive change  in  the  condition  of  the  globe,  — at  least, 
of  that  part  of  it  which  forms  the  subject  of  the  pre- 
sent chapter.    Over  the  marine  rock  formations  be- 
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fore  desciibedy  we  fiod  a  series  of  strata,  two  thousand 
feet  or  more  in  aggregate  depth,  in  which  remains  of 
marine  animals  are  extremely  rare,  but  which  con- 
tain, almost  exclusively,  the  remains  of  terrestrial 

plants,  or  such  as  have  grown  either  on  dry  land  or 
in  marshes.  Carhon,  in  ti»e  I'orm  of  coal,  constitutes 
also  numerous  beds  in  the  series,  varying  in  thickness 
from  a  iew  inclics  to  thirty  feet  or  more,  and  alter- 
nating with  beds  of  sandstone,  indurated  clay,  and 
shale  or  schistose  clay.  The  remains  of  vegetables 
are  distributed  in  greater  or  lesser  abundance  through- 
out the  whoie  series,  which,  taken  together,  are 
called  by  miners^  in  the  north,  coal-measiwes.  The 
coal  strata  were,  doubtless,  deposited  in  the  vicinity 
of  extensive  tracts  of  dry  land,  containing  rivers, 
marshes,  and  fresh-water  lakes  :  the  manne  beds 
w  hich  form  the  foundation  of  the  series  of  coal  strata, 
and  also  surround  them,  must,  tfierefore,  have  been 
raised  Irom  the  bottom  of  the  ancient  deep,  before 
the  vast  accumidation  of  vegetable  matter  could  be 
formed.  To  whatever  cause  we  attribute  this  change 
in  tiie  condition  of  the  globe,  it  appears  to  have  been 
attended  with  another  remarkable  effect :  afler  this 
period,  metallic  veins  have  I)cen  rarely  formed,  for 
they  seldom  rise  into  the  coal  strata.  The  vegetable 
remains  that  are  in  the  coal  strata,  appear  principally 
to  belong  to  plants  analogous  to  those  that  abound 
chiefly  in  tropical  climates,  as  will  be  subsequently 
noticed.  In  no  country  have  coal-measures  been 
more  extensively  worked  than  in  England,  or  the 
relations  of  the  strata  to  the  rocks  above  or  below 
them  been  more  liilly  exanfuied. 

Every  coal  district  has  its  peculiar  series  of  strata, 
unconnected  with  any  other,  though  there  is  a  general 
resemblance  in  the  nature  of  the  different  beds.  A 
district,  with  its  peculiar  series  of  strata,  is  called 
a  coal-field.  The  foundation  rock  on  which  the 
coaUfields  of  Derbyshire,  Northumberland,  Durham, 
'Shropshire,  and  North  and  South  Wales  immediately 
rest,  is  the  mountain  or  upper  transition  limestone. 
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described  in  Chapter  VII.*  In  Nottinghamshire, 
Yorkshire,  and  Lancashire,  the  foundation  rock  has 
not  been  sunk  to,  but  we  have  every  reason  to  believe, 
that  it  is  formed  by  a  continuation  of  the  same  lime- 
stone, though  this  is  by  no  means  essential  to  a  .coaU 
field.  In  some  parts  of  France,  I  have  observed  the 
coal  strata  resting  uj)oii  srranite;  being  only  separated 
from  it  by  a  thick  bed  of  conglomerate.  A  general 
view  of  the  arrangement  of*  the  Derbyshire  coal-fieUI, 
may  be  taken  as  affording  a  type  of  the  wliole  Enghsh 
coal-fields,  with  certain  exceptions,  which  will  be 
noticed. 

The  thick  beds  of  mountain  limestone  (see  Chap. 
VII.),  which  form  entire  mountains,  decline  in  height 
towards  the  eastern  side  of  the  county,  and  are 
covered  by  the  coal-measures.  The  lowest  bed  of 
.  these  measures,  or,  to  speak  more  correctly,  the  bed 
which  separates  the  coal-measures  from  the  limestone, 
partakes  of  a  mixed  character,  varying  from  soft 
argillaceous  shale  to  hard  sandstone  ;  the  prevailing 
colour  is  a  dark  reddish  or  blackish  brown.  This 
bed  has  been  called  /imcstotw-s/ialt' :  its  total  thick- 
ness varies  li  oiii  five  to  six  hundred  feet,  but  in  some 
situations  is  much  less. 

The  harder  strata  of  which  this  great  bed  is  com- 
posed, are  separated  by  sofl  beds  that  easily  disinte- 
grate and  fall  down ;  tiiey  form  the  exposed  face  of 
Mam  Tor,  or  the  shivering  mountain,  near  Castleton. 
The  peculiar  circumstance  which  renders  this  bed 
remarkable  is,  that  though  it  contains  chiefly  vege- 
table remains,  it  contains  also  occasional  patches  or 
limited  strata  of  dark  bituminous  limestone,  with 
beds  and  nodules  of  ironstone,  and  thin  seams  of 
coal,  which,  however  interesting  they  may  be  to  the 
geological  enquirer,  are  too  inconsiderable  to  be 
worked. 

The  next  large  bed  above,  is  in  some  situations 

*  At  Dudle)'  ill  Stafibrdshire,  the  coel-field  rettt  on  the  lower 
transition  limestone^  distinffuished  by  its  abundant  remains  of 
trilobites,  hence  formerly  called  the  Dudley  fossil. 

M 
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from  three  to  four  hundred  feet  in  thickness,  it  is 
chiefly  composed  of  strata  of  hard  siliceous  sandstone^ 
which  is  in  some  places  coarse,  containing  angular 

fragments  of  quartz;  in  other  parts  it  is  a  fine  grained 
ami  very  durable  stone.  Some  of  the  strata  of  this  bed 
were  formerly  worked  ibr  niillstom  from  which  cir- 
cumstance it  received  the  name  oiMillstoneGrit*  It 
contains,  as  iar  as  I  have  examined,  the  remains  of 
vegetables  exclusively,  but  no  beds  of  workable  coal 
occur  in  it.  M'here  the  strata  crop  or  basset  out, 
this  rock  tbrms  abrupt  and  picturesque  clif&.  Above 
the  grit,  are  laid  the  regular  series  of  coal-measures 
or  strata,  comprising  sandstone  of  various  qualities, 
indurated  clay  called  chinch,  ironstone,  softer  arjgfil- 
laceous  beds  called  h'md,  and  schistose  ai i;ilJaccuus 
beds,  called  shale,  lliere  are  also  two  argillaceous 
strata  containing  numc  rous  shells  oi'  iiesh»water 
muscles,  and  hence  called  Muscle-hind, 

A  gentleman  extensively  engaged  in  the  working 
of  coal  mines  in  this  district,  had  a  measure  taken 
of  the  thickness  of  the  different  beds,  which  he  sent 
me,  and  was  published  in  the  first  edition  of  this 
work ;  from  which,  "  it  ap{)ears,  that  the  total  deptli 
taken  on  the  level  line  of  the  measure  of  the  whole 
Derbyshire  strata,  including  part  of  Nottinghamshire, 
is  thirteen  hundred  and  ten  yards,  in  which  are  thirty 
different  beds  of  coal,  varying  in  thickness  from  six 
inches  to  eleven  feet,  makuig  the  total  thickness  of 
coal  twenty-six  yards  :  of  course  the  above  estimate 
can  be  only  re^ardc  cl  as  an  aj)j)roximation  to  truth, 
since  the  thickness  of  the  strata  was  taken  upon  a 
level  line,  and  not  perpendicular  to  the  line  of  their 
inclination  or  dip."  Making  an  allowance  for  excess 
in  the  above  measurement,  the  true  thickness  of  the 
strata  may  fairly  be  estimated  at  about  two  thousand 
five  hundred  feet. 

What  is  particularly  deserving  of  notice  in  the  bed 

*  The  relationt  of  Uie  liiii«itoDe>8bale,  and  the  miUstone  grilto 
the  mountain  limestone  oii  the  weBt,  and  the  coal-strata  on  the  eatt, 
ii  represented.   Phtte  4.  fig.  1. 
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of  limestone-shale  before  mentioned,  below  the  coal- 
measuresy  and  abo\'e  the  mountain  limestone,  is,  that 
this  bed  presents  a  transition  from  marine  calcareous 

strata  with  animal  remains,  to  fresh-water  strata  with 
terrestrial  vegetables  :  as  botli  occur  in  different  parts 
of  the  bed,  it  would  imply,  that  the  subjacent  lime- 
stone had  been  gradually  but  unequally  raised  above 
the  sea,  and  during  its  elevation  some  parts  remained 
immersed  in  the  ocean,  while  other  parts  were 
covered  with  Tegetable  depositions.  In  the  western 
side  of  Durham  and  Northumberland,  the  alterna- 
tions of  coal  of  inferior  quality,  with  beds  of  moun- 
tain limestone,  are  more  distinct,  and  the  transition 
from  marine  to  fresh-water  formations  are  on  a  larger 
scale  :  botli  prove  that  the  elevation  of  the  beds  above 
the  sea  was  eHected  by  the  operation  of  an  elevating 
force  acting  slowly,  or  at  distant  intervals.  On  the 
western  side  of  the  Yorkshire  coal-field,  near  Halifax, 
ammonites  and  other  marine  shells  are  found  in  the 
lower  strata,  proving  an  occasional  irruption  of  the 
sea  into  the  lake  or  basin  in  which  the  coal  is  de- 
osited. 

CoaKfields,  as  before  stated,  are  of  limited  extent, 
and  the  strata  frequentiy  dip  to  a  common  centre^ 
being  often  arranged  in  basin-shaped  concavities, 

which  appear  to  have  been  originally  detached  lakes, 
that  were  gradually  hlled  by  repeated  depositions  of 
carbonaceous  and  mineral  matter.  In  some  of  the 
larger  coal-fields  the  original  form  of  the  lake  cannot 
be  traced,  but  in  the  smaller  ones  it  is  distinctly  pre- 
served. 

The  different  strata  under  a  bed  of  coal  are  fre- 
quently similar  to  the  strata  over  it  $  and  the  same 
series  is  again  repeated,  in  some  mines  several  times, 
under  different  beds  of  coal,  with  a  perfect  similarity 
both  in  the  succession  and  thickness  of  each.  In 
some  instances,  a  single  bed  of  stone  of  vast  thick- 
ness separates  two  beds  of  coal.  In  other  instances, 
only  a  very  thin  stratum  of  shale  or  clay  lies  between 
coal  beds. 
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Though  numerous  beds  or  seams  of  coal  occur  in 
one  coal-field,  very  rarely  more  than  three  of  these 
are  worked.  The  thickness  of  the  coal  strata  in  the 
same  coal-field  often  varies  from  a  few  inches  to 
several  yards ;  but  each  stratum  generally  preserves 
nearly  the  same  thickness  throughout  its  whole  ex- 
tent. Instances  to  the  contrary  soinclimL's  occur,  in 
which  the  same  bed  will  become  narrower  or  wider, 
and  sonietinics  be  divided  by  a  stratum  of  incom- 
bustible earthy  matter,  in  diflerent  j)artsof  its  course. 
Few  beds  of  coal  arc  worked  at  a  great  depth,  which 
are  less  than  two  feet  in  thickness.  Tlic  stratum 
lying  over  a  bed  of  coal  is  called  its  roof^andthe 
stratum  under  it  the  floor.  The  facility  of  getting 
coal  depends  very  much  on  the  compactness  of  the 
stone  which  forms  the  roof,  not  only  on  account  of 
the  security  from  falling,  but  for  keeping  out  the 
upper  water,  and  preserving  the  |)it  in  a  dry  state. 
The  great  expense  incurred  in  supporting  the  roof 
when  it  is  loose,  frequently  prevents  a  valuable  bed  of 
coal  from  being  worked,  or  absorbs  all  the  profit.  In 
some  situations,  the  roof  is  indurated  clay,  impreg- 
nated with  bitumen  and  pyrites.  When  this  falls 
down,  and  is  intermixed  with-  water  and  small  coal 
at  the  bottom,  it  takes  fire  spontaneously ;  on  which 
account  the  miners  close  up  the  space  with  common 
clay,  where  the  coal  has  been  worked,  to  prevent  the 
>  access  of  air  to  the  combustible  matter.  This  kind 
of  combustible  clay  is  callcil  tow ;  it  is  connnon  in 
the  Ashby-de-la-Zouch  coai-fiekl,  and  in  Staffordshire. 
The  floor  or  stratum  on  which  the  coal  lies,  consists 
of  clay  in  various  degrees  of  iutluration,  and  is  almost 
always  of  that  kind  which  will  resist  the  action  of 
fire,  called  fire-clay,  suited  for  furnace  bricks  and 
crucibles. 

It  has  been  before  obser\'ed  that  coal  strata  are 
frequently  bent  in  concavities,  resembling  a  trough 
or  basin,  dipping  down  on  one  side  of  the  field  and 
rising  on  the  other.    In  Plate  IV.  fig.  2.  the  section 

of  a  coal-Held  is  represented,  in  which  the  coal  strata 
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c  c  c»  D  D  arc  inclined  in  this  manner,  but  partially 
dislocated  byafracture  or  fault  at  f.  The  extremities 
of  the  lowest  stratum,  c  c,  are  several  miles  distant  in 
some  coal-fields;  in  others,  not  more  than'one  mile. 

In  the  great  coal-field  in  South  Wales,  which  is 
rather  a  long  trough  than  a  basin,  the  strata  arc  ar- 
ranged in  this  manner  over  an  extent  of  nearly  a 
hnndreil  miles  in  lengtli,  and  a  variable  breadth  of 
iiom  tive  to  twenty  miles.  It  is  partly  broken  into 
by  Caermartlien  Bay;  bnt  it  forms  an  extent  of  sur- 
lace  exceeding  twelve  hundred  square  miles.  It  ' 
contains  twenty-three  beds  of  workable  coal,  which 
are  said  by  Mr.  Martin  to  make  together  ninety-five 
feet  in  thickness  of  this  valuable  mineral :  this  will 
yield  sixty-four  million  tons  of  coal  per  square  mile. 
The  thickest  bed  of  coal  is  nine  feet ;  in  some  parts 
there  are  sixteen*  seams  of  ironstone.  The  strata  of 
this  vast  coal-tield  arc  deeply  cut  tliroiigli  by  valleys, 
and  are  much  broken  by  iaults,  and  the  quality  of  the 
coal  varies  greatly  in  different  parts  of  the  field. 
About  one  third  of  the  coal  is  stated  to  be  culm,  or 
stone-coal ;  this  occurs  chiefly  on  the  western  side  of 
the  basin  between  the  vale^  of  Neath,  in  Glamorgan- 
shire, and  Bride's  Bay,  in  Penil)rokeshire. 


been  made  by  Messrs.  Sedgwick  and  Murchison : 
they  have  ascertained  that  the  South  Wales  coal- 
basin  extends  into  Devonshire,  and  is  separated  only 

by  the  intervention  of  the  British  Channel.  The 
coal  strata  of  Devon  represent  the  low  er  parts  of  the 
South  Wales  coal-field,  forming,  in  fact,  the  southern 
side  of  the  great  coabbasin.  In  Devonshire  part  of 
tills  coal-basiu  rests  on  granite :  in  South  Wales  the 
foundation  rocks  of  the  whole  coal  series  below  the 
millstone  grit  and  mountain  limestone  are  grauwack6« 
The  coal  is  hard  culm;  it  is  not  very  abundant.  The 
ibssil  vegetable  remains  are  similar  to  those  in  the 
South  Wales  basin. 

At  the  Clee  Hills  in  Shropshire,  the  breadth  of 
some  of  the  coal-fields  is  not  a  mile.     At  Ashby 


discovery  has  recently 
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Wolds  in  Leicestershire,  in  the  central  part  of  the 
field  at  (?,  Plate  IV.  fig.  2.,  the  main  bed  of  coal  is 
worked  at  the  depth  oi'  two  hundred  and  forty 
yards  *9  but  by  the  bending  and  rise  of  the  strata, 
the  same  bed  comes  to  the  surface  at  about  three 
miles  distant  The  depth  of  coal  strata,  from  the 
inclination  or  bending  of  the  strata,  diflers  much 
in  the  same  district,  as  will  be  evident  from  what  has 
been  stated,  and  from  an  inspection  of  the  last-men- 
tioned figure.  Some  coal-fields  extend  jn  a  waving 
ibrm  over  a  district. 

On  the  eastern  side  of  England,  tlie  strata  gene- 
rally  decline,  or,  in  the  miner's  huiguagc,  dip,  to  the 
south-east  point :  on  the  western  side  the  strata  are 
more  frequently  thrown  into  diflTerent  and  opposite 
directions,  by  w  hat  are  called  faults  and  dykes. 

A  fault  is  a  break  or  intersection  of  strata,  by 
which  they  are  commonly  raised  or  thrown  down ; 
so  that  in  working  a  bed  of  coal,  the  miners  come 
suddenly  to  its  apparent  termination.  A  dyke  is  a 
wall  of  mineral  matter,  cutting  tlnough  the  strata 
in  a  position  nearly  vertical.  (See  Plate  IV.  figs.  2. 
and  3.)  The  name  dj//ic  is  originally  derived  from 
our  Northern  neighbours:  it  signifies  a  wall.  The 
thickness  of  dykes  varies  from  a  few  inches  to  twenty 
or  thirty  feet,  and  even  yards*  The  dykes  which 
intersect  coal  strata  are  frequently  composed  of  indu- 
rated clay,  or  of  basalt,  and  will  be  particularly  de> 
scribed  in  the  following  chapter.  In  some  coal*iSelds 
the  strata  are  raised  or  thrown  down  on  one  side  of 
a  dyke  one  hundred  and  fifty  yards  or  more ;  and 
the  miner,  after  penetrating  through  it  (see  Plate  IV. 
fig.  3.),  insteatl  oftintling  the  same  conl  again,  meets 
with  beds  of  stone  or  clay  on  the  other  side  at  c  : 
hence  he  is  frequently  at  a  loss  how  to  j)roceed  in 
searching  for  the  coal  which  is  thus  cut  oil'.  It'  the 
stratum  of  stone  e  be  the  same  as  any  of  the  strata 

♦  This  was  the  depth  of  tlie  mine  in  1812;  since  that  time  a 
mine  has  been  sunk  to  tlic  depth  oi  three  hundred  ^urda  into  the 
unie  bedL 
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which  were  sunk  tliroui::!!  in  making  the  pit  or  shaft 
gg\  it  proves  that  llie  bed  ol  coal  on  the  other  side 
'of  the  fault  is  thrown  down,  and  he  can  deternnine 
the  exact  distance  between  that  stratum,  and  the 
coal  lie  is  in  search  of.  Bnt  if  the  stone  is  of  a  dif- 
ferent kind  to  any  whicii  was  above  the  coal  he  is 
working*  he  may  be  certain  that  the  strata  on  the 
other  side  of  the  fault  are  thrown  np,  but  to  what 
distance  can  only  be  ascertained  by  trial,  if  the  under 
strata  have  not  been  previously  perforated.  It  fre- 
quently happens,  however,  that  two  or  more  strata  of 
stone  or  shale,  at  different  depths,  are  so  similar  in 
their  quality  and  appearance,  that  it  is  impossible  to 
distinguish  them  :  in  such  cases  it  is  necessary  to 
perforate  the  stratum,  to  ascertain  its  thickness,  and 
examine  the  quality  of  the  strata  above  or  below  it, 
by  wiiicli  its  identity  witli  any  known  sU'atum  may 
generally  be  ascertained.  The  manner  in  which  the 
strata  arc  inclined  towards  the  fault,  will  also  deter- 
mine whether  they  are  thrown  up  or  down,  provided 
they  are  not  shattered  where  they  come  in  contact 
with  it,  which  is  frequently  the  case.*  Each  bed  of 
coal  in  a  coal-field  has  certain  characters  by  which 
it  may  generally  be  known  to  be  the  same.  Us 
thickness,  and  the  quality  of  the  roof  and  floor,  with 
that  of  the  upper  and  under  strata,  generally  serve 
to  identify  it,  though  it  naay  be  much  deeper  in  one 
place  than  anotlier. 

The  dykes  which  intersect  coal  strata  are  gene- 
rally  impervious  to  water;  and  it  not  unfrequently 
happens,  that  where  the  strata  decline  to  them,  they 
hold  up  the  water,  and  occasion  springs  at  the  sur- 
&ce,  or  keep  the  coal  works  on  that  side  of  the 
fault  under  water,  when  the  coal  works  on  the  other 
side  are  dry.  This  will  be  better  understood  by 
referring  to  Plate  IV.  fig.  2.  and  3.,  where  the  coal 
strata  ou  the  right  hand  decline  or  dip  to  the  fault 

*  U  the  dyke  make  an  acute  angle  with  the  upper  mirfiice  of  the 
strata,  they  are  thrown  up  on  that  side ;  but  if  it  make  an  obtuse 
an|^,  they  are  thrown  down.  See  Plate  IV.  fig.  2.  d  ;  and  fig.  S. 
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or  dyke;  and  the  water  which  passes  throQgh  or 
between  the  strata  will  be  stopped  at  the  faults  and 
dammed  up ;  in  which  case  the  coal  beds  to  the  right 
of  the  dyke  will  be  under  water,  and  those  on  the 
other  side  dry.  Now,  should  a  perforation  be  in- 
cautiously made  through  the  dyke,  all  the  water  will 
be  thrown  upon  tiie  works  on  the  left,  that  were 
before  dry.  \\  here  the  coal  on  each  side  of  a  fault 
belongs  to  difierent  proprietors,  a  few  strokes  with  a 
pickaxe  may  thus  do  incalculable  mischief  to  those 
on  the  one  side,  and  render  great  service  to  the  other, 
by  laying  their  pits  dry. 

Tlie  deepest  coal  mines  in  England  are  those  in 
Northumberland  and  in  tlie  county  of  Durham,  some 
of  which  are  worked  three  hundred  yards  below  the 
surface.  The  thickest  bed  of  English  coal  of  any 
considerable  extent  is  tlie  main  coal  in  Stafford  shire, 
which  is  thirty  feet.    The  upper,  lower,  and  middle 

Carts  of  the  bed  differ  in  quality.  Mr.  Keir»  who 
as  written  an  interesting  account  of  the  mineralogy 
of  the  south  of  Stafibrcbhire,  says  that  thirteen  dir. 
ferent  kinds  of  coal  occur  over  each  other  in  tliis 
bed ;  the  uppermost,  which  is  compact,  serves  as  a 
roof  in  getting  the  under  coal.  Ai  the  Wood  Mill- 
hill  colliery  in  this  county,  the  coal  is  said  to  be 
forty-five  feet  thick  ;  and  three  beds  of  coal,  from 
three  to  four  feet  in  thickness,  have  been  found 
under  it,  since  Mr.  Keir's  account  was  published* 
The  first  is  only  two  yards  under  the  thick  coal. 
The  main  bed  of  coal  in  the  Ashby-de-la-Zouch 
coal-field  is  thirteen  feet  thick ;  the  upper  and  lower 
seams  of  this  bed  also  vary  in  quality;  a  seam  near 
the  middle  is  so  compact  that  it  may  serve  as  a  good 
roof  for  the  under-coal.  Few  beds  of  coal  in  other 
parts  of  Englantl  or  in  Wales  exceed  fioni  six  to 
nine  feet  in  thickness;  but  a  ditlerence  in  the  quality 
may  generally  be  ol)scr\cd  in  the  upper,  loweri  and 
middle  j);u  ts  of' the  same  bed. 

A  curious  fact  is  stated  by  Mr.  Keir  respectiug 
tl)e  main  coal  of  iStaffordshire.     In  one  situation 
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the  upper  part  of  the  bed  separates  from  the  lower, 
and  rwes  to  the  surface,  or  crops  out.  It  is  at  Hrst 
divided  by  indurated  clay  calltcl  bind  or  clunch  ;  but 
as  the  distance  becomes  wider,  the  intervening  stone 
grows  liarder,  and  will  strike  fire  witli  flint.  Similar 
separations  take  place  sometimes  in  the  beds  of  coal 
in  the  mines  of  North umberjiand  and  Durham.  The 
largest  known  bed  of  coal  in  tlie  west  riding  of 
Yorkshire  is  near  Barnsley  :  it  is  ten  feet  thick, 
and  is  supposed  to  be  formed  by  the  meeting  of  two 
or  more  seams,  which  soon  separate  again.  The 
miners  have  fiot  been  able  to  trace  the  same  bed 
in  situations  where  it  might  liave  been  found,  had  it 
preserved  the  same  thickness,  in  other  parts  of  its 
course. 

Coal  strata,  beside  the  more  common  dislocations 
by  faults,  present  remarkable  contortions,  which  it 
would  be  diiiicult  to  explain,  except  by  admitting  a 
laterai  force,  which  has  compressed  them  into  a  zig- 
zag  form.  To  the  same  cause,  or  perhaps  to  a 
partial  sinking  of  the  earth,  we  may  attribute  the 
origin  of  what  is  cslled  Jaultt/  ground^  which  fre- 
quently occurs  in  coal-fields.  In  this,  no  actual  dyke 
appears  to  have  been  formed ;  but  the  beds  of  coal, 
with  all  the  accompanying  strata,  arc  so  broken  and 
shattered,  that  no  workings  can  be  carried  on,  till 
the  miner  has  got  through  them  into  regular  strata. 
These  broken  parts  of  the  strata,  called  troubles  and 
JatUty  grofundf  occasion  much  more  diliicuity  to  the 
miner  than  common  faults  or  dykes,  and  are  some- 
times of  great  breadth. 

In  some  coal-fields  one  part  of  a  stratum  is  in- 
clined, and  the  other  part  vertical.  A  curious  fiict 
of  tiiis  kind  may  be  seen  in  a  small  coal-field  near  tlie 

town  of  Manchester.* 

The  j)Osition  of  coal  strata  in  many  coal-fields  may 
be  represenled  by  a  scries  of  tresh- water  muscle 
shells,  decreasing  in  size,  laid  within  each  other,  but 

*  1  have  given  a  short  account  of  this  coal-field  in  the  tecond 
YoliUDe  of  tlie  TraiwoctioM  of  the  Geological  Society. 
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separated  by  a  thin  paste  of  clay.  If  one  side  of  the 
shell  be  raised,  it  wilt  represent  the  general  rise  of 

tlie  strata  in  that  direction  ;  and  if*  the  whole  series 
be  dislocated  by  partial  cracks,  raising  one  part  a 
little  and  dej>ressing  the  othei",  to  represent  faults  in 
the  coal,  it  will  2:ive  a  better  idea  of  the  coal-field 
than  any  description  can  convey.  \Ve  arc  here  to 
suppose  that  each  shell  represents  a  stratum  of  coal, 
and  the  partitions  of  clay  the  earthy  strata  by  which 
they  are  separated.  Tiie  outer  shell  represents  the 
lowest  bed  of  coal,  which  may  be  many  miles  in  ex- 
tent.  Now,  if  a  much  larger  shell  be  iiUed  with  sand, 
and  the  lowest  shell  be  pressed  into  it,  we  may  con* 
sider  the  large  shell  to  represent  limestone,  and  the 
sand  gritstone ;  we  shall  then  have  a  model  of  the 
coal  strata  in  many  parts  of  England,  and  their  situ« 
ation  over  the  metalliferous  lime,  with  the  beds  of 
sandstone  by  which  they  are  separated  from  it. 

From  the  inclination  w  bending  of  coal  strata,  they 
always  rise  near  to  the  surliice  in  some  parts  of  their 
course,  aiul  would  be  visihle  if  not  co\  ered  by  soil  or 
gravel.  In  the  banks  of  ravines  tbrnied  by  rivulets, 
or  in  accidental  fractures  on  the  sides  of  hills  in  a 
district,  the  nature  of  the  strata  may  otien  be  deter- 
mined, and  should  be  ascertained,  before  any  expense 
be  incurred  in  bonng  or  sinking  for  coal.  When  this 
is  done,  a  proper  station  should  be  chosen ;  which 
requires  great  judgment;  otherwise  it  is  possible  to 
bore  or  sink  to  great  depths,  and  miss  a  bed  of  coal 
which  exists  very  near  the  place ;  this  will  be  evi* 
dent  from  the  inspection  of  the  two  stations,  a  and  by 
Plate  IV'.fig.  2.  :  in  the  latter,  it  would  be  impossible 
to  meet  with  the  bed  of  coal,  c,  because  the  search 
is  made  beyond  the  line  where  it  rises  to  the  surface, 
or,  in  the  miner's  language,  crops  out.  At  «,  coal 
would  be  found  after  sinking  only  a  few  yards.*  In 

♦  In  1811,  1  saw,  in  Uailnorshire,  a  fruitless  sfarcli  for  coal  of 
thU  kind ;  a  bed  of  coal  of  a  bad  quality  rose  near  the  burlacc,  and 
the  attempts  to  obtain  it  were  made  beyond  the  outcrop  of  the 
bed. 
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most  situations,  it  is  better  to  search  for  coal,  as  deep 
a.-,  can  be  done  without  expensive  machinery,  by  sink- 
ing a  well  in  preference  to  boring.  By  sinking,  a 
decisive  knowledge  of  tlie  nature  and  thickness  of 
the  strata  can  be  ascertained  as  far  as  you  descend, 
which  can  only  be  imperfectly  known  by  boring;  for 
the  latter  mode  is  liable  to  great  uncertainty  of  re- 
suit,  from  bendings  or  slips  of  the  strata.  If,  for 
instance,  the  borer  be  worked  in  the  situation  a, 
Plate  IV*  %.  12.,  it  will  pass  through  a  great  depth 
of  coal,  which  in  reality  may  not  be  more  than  a  tew 
inches  in  thickness.  Besides  the  uncertainty  of  the 
results,  the  grossest  imj)ositions  are  sometimes  prac- 
tised to  answer  interested  purposes,  and  induce  pro- 
prietors to  continue  the  search,  where  there  is  no 
reasonable  probabiHty  of  success. 

Wliere  coal  strata  come  to  the  surface,  they  are 
generally  in  a  soft  decomposed  state,  and  intermixed 
witfi  earthy  matter.  They  frequently  present  no  ap. 
pearance  of  coal,  but  the  soil  may  be  observed  of  a 
darker  colour.  The  real  quality  of  the  coal  cannot 
be  ascertained  until  it  is  found  below,  in  its  natural 
un decomposed  state,  lying  between  two  regular  strata 
of  stone  or  indurated  clay.  In  general  it  is  observed, 
that  the  same  bed  improves  in  quality,  as  it  sinks 
deeper  into  the  earth.  Coal  strata  are  generally  split 
or  divisible  into  rlioniboidal  blocks,  by  vertical  joints : 
these  are  called  slines;  tiie  oblique  shorter  joints  are 
called  cutters. 

From  what  will  be  stated  in  the  subsequent  chap- 
ters, it  will  appear  that  there  is  more  than  one  third 
of  England  in  which  all  search  for  valuable  coal  is 
useless :  the  knowledge  of  a  negative  fact  becomes 
important,  when  it  saves  us  from  loss  of  time,  ex- 
pense, and  thsappointment. 

Common  coal  is  a  miiRMal  too  well  known  to  re- 
quire a  particular  description.  Mineralogists  divide 
coal  into  two  species,  —  Brown  coal,  and  Black  coal ; 
tlie  Ibrmer,  sometimes  called  wood  coal,  is  chiefly 
found  in  tertiary  shale  or  in  alluvial  ground.    It  con* 
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tains,  besides  charcoal  and  bit ii men,  various  vegetable 
princi})lcs,  and  the  l)i'anc]ics  or  trunks  of  trees  par- 
tially decomposed,  wliich  mark  the  origin  of  tliis  kind 
of  coal. 

Black  coalf  or  common  coal^  is  composed  of  char- 
coal, bitumen,  and  earthy  matter.  The  latter  forms 
the  ashes  which  remain  after  combustion :  these  vaiy 
in  proportion  in  different  coals,  from  two  to  near 
twenty  per  cent  The  proportion  of  bitumen  varies  * 
from  twenty  to  forty  per  cent.,  and  the  charcoal  from 
forty  to  more  than  eighty  per  cent. 

Mineralogists  liave  enumerated  many  different  kinds 
of  black  coal :  several  of  these  pass  by  irradation  into 
each  other  in  the  same  mine.  The  most  important 
varieties  in  an  economical  view  are  the  hard  coal,  like 
that  of  Stafibrdsinre,  and  bituminous  or  caking  coal» 
called  in  London  Sea-coal. 

Anthracite  is  a  mineral  approaching  to  the  state  of 
plumbago  ;  it  consists  nearly  of  pure  carbon,  is  cx- 
'  tremely  hard  and  difficult  to  ignite,  and  has  often  a 
semi-metallic  lustre.  It  occurs  in  rocks  which  have 
generally  been  regarded  as  belonging  to  the  transition 
class,  but  is  sometimes  found  in  small  quantities  in 
regular  coal  strata.  The  coal  in  the  extensive  coal 
formation  of  Pennsylvania  is  called  anthracite,  because 
it  emits  bnt  little  smoke  in  burning,  bdt  is  only  a 
variety  of  common  coal,  couuining  but  little  bitu- 
men.* 

Coal  strata  are  frequently  accompanied  by  thin 
strata  of  ironstone.  This  stone  has  a  dark  brown  or 
gray  colour;  it  has  an  earthy  appearance  and  fracture; 
and  is  about  three  times  heavier  than  an  equal  bulk 
of  water.  Some  kinds  have  the  s])ecific  gravity  of 
3*6.  Though  modern  mineralogists  call  this  mineral 
clay-ironstone  atler  \\'erner,  iiom  its  resemblance  to 

•  The  culm  or  stone  coal  in  South  Wales,  which  contaios 
scarcely  any  bitumen,  has  recently  received  the  name  of  anthra- 
cite ;  it  is  not,  however,  identical  with  the  anthracite  of  minenJo*  I 
gists  found  in  primary  rocks. 
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argillaceous  stones,  on  analysis  it  is  found  to  contain 
but  a  very  minute  portion  of  alumine  or  pure  clay, 
sometimes  not  more  than  two  per  cent.  It  is  princi- 
pally composed  of  iron  combined  with  oxygen,  car* 
bonic  acid,  and  water,  and  a  small  quantity  of  siiex, 
and  in  some  instances  with  calcareous  earth.  If  it 
be  of  a  good  quality,  it  yields  more  than  thirty  per 
cent,  of  iron.  In  some  of  the  beds  of  clay  over  coal, 
detached  nodules  of  ironstone  occur,  which  are  also 
smelted  for  iron. 

The  vast  extent  and  importance  of  our  iron-works 
are  well  kuown^  but  their  establishment  is  of  recent 
date.  Formerly  our  furnaces  were  on  a  diminutive 
scale,  and  wood  or  charcoal  was  the  only  fuel  em- 
ployed ;  but  in  the  present  cultivated  state  of  the 
country,  wood  could  not  be  procured  in  requisite 
quantity.  The  application  of  coal  or  coke  to  the 
smelting  of  iron  is  among  the  most  useful  of  modern 
improvements  ;  but  it  is  only  some  kinds  of  coal  that 
are  proper  for  the  purpose.  Inattention  to  this  cir- 
cumstance has  frecpicntly  led  landed  proprietojs  to 
great  unprofitable  expense.  Finding  ironstone  and 
coal  in  abundance  upon  their  estates,  they  have  con- 
structed furnaces  and  other  works  at  a  considerable 
cost,  and  have  discovered  too  late  that  the  coal,  how- 
ever suitable  for  domestic  or  other  uses,  was  unfit  to 
make  iron  of  a  marketable  qualitj .  To  make  good 
iron  from  the  best  ironstone,  it  is'necessary  that  the 
coal  should  be  as  free  as  possible  from  every  substance 
vvitii  which  sulj)liur  is  combined.  It  should  possess 
the  property  offbrming  a  hard  coke  or  cinder;  and 
if  if  have  the  quality  of  cementing  or  caking^  it  is  the 
more  valuable,  as  the  small  coal  can  then  be  used  for 
the  purpose  of  coking,  which  is  frequently  wasted 
where  it  does  not  possess  this  quality. 

Different  opinions  have  been  formed  respecting  the 
origin  of  coaL  In  the  primary  and  transition  moun- 
tains, a  particular  species  of  coal  occurs  in  small  Quan- 
tities, as  before  stated,  which  is  extremely  hard  and 
splendent,  and  burns  without  smoke  or  flame,  and  is 
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called  anthracite  ;  it  resemblesi  and  appears  to  pass 
into»  the  mineral  called  plumbago  or  graphite.  Conu 
mon  coal  also  sometimes  graduates  into  plumbaga 
Plumbago  and  anthi*acite  are  so  completely  miner- 
alised as  to  present  no  indications  of  a  vegetable 
oriij^iii ;  but  the  slate,  in  which  anthracite  is  imbedded, 
sometimes  contains  impressions  of  ferns,  and  the  strata 
over  common  coal,  abound  in  vegetable  impressions: 
the  cortical  part  of  the  vegetable  is  ire(|nently  seen 
converted  into  mineral  coal.  It  is  not  olten  that 
vegetable  impressions  are  found  in  the  coal  itself; 
but  some  of  the  regular  coal  beds  in  the  Dudley  coal- 
field, of  wiiich  I  have  specimens  of  considerable  size 
and  thickness,  are  composed  of  distinct  layers  of 
vegetables,  converted  into  true  mineral  coal:  and 
when  sej)arated,  preserving  the  distinct  cortical  im- 
pressions of  plants  throughout  the  wliole  thickness  of 
the  coal.  It  is  reasonable  to  believe,  that  all  the  coal 
beds  in  the  same  field  are  also  formed  of"  vegetable 
matter,  though  the  impiessions  may  be  eflfaced.  I 
have  also  a  specimen  of  common  coal  liora  Derby- 
shire, with  ditierent  cortical  impressions.'^ 

Granting  that  common  coal  is  originally  derived 
from  the  decomposition  of  vegetables,  it  may  be  fairly 
asked,  —  from  whence  did  the  vegetable  tribes  origi. 
nally  derive  the  carbon,  of  which  their  solid  parts  are 
principally  composed  ?  Carbon  either  previously  ex- 
isted in  nature,  or  ti  ees  and  plants  had  the  power  of 
forming  it  from  more  simple  elements.  Neither  of 
these  opinions  is  improbable,  nor  ai  e  they  at  variance 
with  each  other.  If  carbon  be  a  compound  substance, 
of  wiiicli  hydrogen  is  a  constituent  part,  it  may  be 
formed  by  the  process  of  vegetation,  or  it  may  exist 
also  in  the  mineral  kingdom,  independent  of  organic 
productions.   That  carbon  is  an  original  constituent 

♦  "  Mr.  Iliitton  lins  ascertained  tliat  in  all  the  three  varieties  of 
coal  fbuiui  near  Newcastle,  a  vegetable  structure  may  be  discovered 
by  the  microscope,  if  the  coal  be  cut  in  very  thin  slices."  —  JBuck" 
laiid  s  B.  T.  vol.  i.  p.  155. 
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dementary  part  of  the  globe,  can  scarcely  be  doubted, 
when  we  consider  that,  united  witli  oxygen,  it  is  an 
important  constituent  part  of  all  limestone  mountains, 
composing  nearly  one  halt',  by  wcii^ht,  of  their  sub- 
stance, or  44  of  carbonic  acid  to  5()  of  lime.  Now, 
the  quantity  of  carbon,  when  separated  from  the 
oxygen,  would  be  equal  to  one  eighth  of  the  whole 
mass  of  limestone';  and,  as  all  the  ancient  limestone 
ibrmations  were  deposited  under  the  ocean,  we  can. 
aot  suppose  that  this  carbon  was  derived  from  the 
vq;etabie  kingdom.  Could  the  carbon  be  separated 
from  the  limestone  in  the  great  calcareous  ranges  of 
the  Jura  and  tlie  Alps,  it  would  form  a  beil  of  pure 
carbon,  nearly  a  thousand  feet  m  thickness,  through 
the  vast  extent  of  these  mountains  :  and  were  we 
forced  to  admit  that  this  carbon  was  derived  from 
organic  secretion,  we  should  rather  look  to  the  ani- 
mal than  the  vegetable  kingdom  for  its  origin  ;  as  no 
small  portion  of  many  calcareous  mountains  is  com- 
posed of  animal  remains,  and  calcareous  beds  are 
Ibmiing  in  our  present  seas,  of  great  extent  and  thick- 
ness, by  the  accumulation  of  shells  and  coral. 

M.  Adolphus  Brongniart,  in  a  recent  work  on  vege- 
table fossils,  has  ingeniously  suggested  another  origin 
for  vegetable  carbon :  he  admits,  as  I  liave  done, 
that  carbon  is  an  original  element  in  the  composition 
of  the  globe,  and  its  atmosphere.  He  supposes  that 
the  atmosphere  of  the  ancient  world,  might  contain 
more  carbonic  acid  than  at  present.  This  would  be 
highly  fevourable  to  the  rapid  growth  of  plants ;  and, 
in  proportion  as  the  plants  absorbed  the  excess  of 
carbonic  acid  (fixed  air),  they  would  render  the  at- 
mospIiei*e  more  pure,  and  fit  it  for  the  future  respir- 
ation of  animals, 

Bitinnen,  which  is  composed  of  carbon  and  hy- 
drocen,  is  known  to  exude  from  the  lava  of  recent 
volcanoes ;  and  the  volcanic  tufa  in  Auvcrgne,  which 
covers  a  vast  extent  of  surface,  is  almost  every  wiiere 
intermixed  with  bitumen.  In  hot  weather  1  have 
seen  it  trickling  out  of  the  tuia  in  considerable  quan- 
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titieSy  ratembling  melted  pitch.  As  the  ancient  vol« 
canoes  of  that  district  broke  out  from  beneath  the 
granite,  we  may  fairly  infer,  that  the  bitunoeD  which 
abounds  in  the  volcanic  tufa»  is  as  much  a  mineral 
substance  as  the  sulphur  which  accompanies  volcanic 
eruptions,  or  which  is  sublimed  from  the  vapours  ot 
quiescent  volcanoes. 

Tliougli  the  carbon  that  exists  as  a  constituent 
part  in  some  primary  rocks  may  be  derived  from  the 
mineral  kingdom,  there  can  scarcely  remain  a  doubt, 
that  wood-coal  and  common  coal  are  of  v^etable 
origin. 

Wood^oalt  or  brown  coal»  is  found  in  low  situations^ 
and  appears  to  have  been  formed  of  heaps  of  trees 
buried  by  inundations  under  beds  of  clay,  sand,  or 
gravel.    The  woody  parts  have  probably  undergone 

a  certain  degree  of  vegetable  fermentation,  under  the 
pressure  ot  the  incmnbent  earthy  matter,  by  which 
they  have  been  carbonised  and  consolidated.  In 
some  specimens  of  this  coal  the  vegetable  fibre  or 
grain  is  perceptible  in  one  part,  and  the  other  part  is 
reduced  to  coal.  The  vegetable  principles  which 
this  coal  contains,  united  with  bitumen  and  charcoal, 
have  been  already  stated.  In  black  or  common  coal, 
the  vegetable  extract  and  resin  are  destroyed,  and 
the  charcoal  and  bitumen  alone  remain ;  but  wood- 
coal  and  common  coal  bear  in  other  respects  too 
close  a  resemblance,  to  allow  us  to  ascribe  to  them  a 
different  origin,  though  they  were  probably  formed 
from  different  tribes  in  the  vegetable  kingdom,  and 
under  different  circumstances. 

Wood-coal*  is  found  in  considerable  quantities  at 
JBovey  iieathfield,  near  Exeter,  ^^everal  beds  of  coal 
are  separated  by  strata  of  clay  and  gravel :  the  lowest 
is  seventeen  feet  thick,  and  rests  on  a  bed  of  claj, 

*  The  detcriptioD  of  wood-coal  ought  to  be  placed  in  the  BC* 
count  of  tlic  tertiary  strata  and  diluvia ;  but  the  formation  of 

mineral  coal,  will  be  nuicli  better  understood  by  tracing  the 
gradual  conv  ersion  of  vegetable  matter  into  substances  approaching 
to  the  character  of  true  coal. 
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under  winch  is  sand  resembling  sea  sand.  The  coal 
in  cont;ict  with  the  chiy  has  a  brown  colour,  and  ap- 
pears intermixed  with  earth.  In  other  parts  the 
iamine  of' the  coal  undulate,  and  resemble  the  roots 
of  trees:  in  the  middle  of  the  lowest  stratum  the 
coal  is  more  compact,  and  is  of  a  black  colour,  and 
nearly  as  heavy  as  common  coal. 

A  great  repository  of  this  kind  of  coal  exists  near 
Cologne:  it  extends  for  many  leagues  :  it  is  fifty  feet 
in  thickness,  and  is  covered  with  a  bed  of  gravel, 
from  twelve  to  twenty  leet  deep.  Trunks  of  trees 
deprived  of  their  branches  are  imbedded  in  this  coal; 
which  proves  that  they  have  been  transported  from 
a  distance.  Nuts  which  are  indigenous  to  Hindostan 
and  China,  and  a  fragrant  resinous  substance,  are 
also  found  in  it.  A  similar  resinous  substance  occurs 
in  the  Boreycoal,  and  wa^  nl  o  discovered  with  fossil 
wood,  in  cutting  through  Highgate  Hill.  Mr.  Hat- 
chett,  by  whom  it  was  analyst,  has  given  it  the  name 
of  retinasphaltum. 

In  wood-coal  we  may  almost  seize  nature  in  the 
act  of  making  coal,  before  the  process  is  com})leted. 
These  tomiations  of  coal  ai  c  of  far  more  recent  date 
than  tiiat  of  common  coal,  thoufjli  their  orii^in  must 
be  referred  to  a  former  comlition  of  the  globe,  when 
animals  like  those  existing  at  present  in  tropical  cli- 
mates flourished  in  northern  latitudes,  as  their  re- 
mains sometimes  occur  in  the  wood-coal  of  Europe. 

The  vegetable  origin  of  common  mineral  coal  ap« 
peats  to  established  by  its  association  with  strata 
abounding  in  vegetable  impressions;  by  its  close 
similarity  to  wood-coal  (which  is  undoubtedly  a  vege- 
table product);  and,  lastly,  by  the  decisive  fact,  that 
some  mineral  coal,  in  the  Dudley  coal  field,  is  entirely 
composed  of  layei*s  of  mineralised  plants. 

Though  the  vegetable  origin  of  mineral  coal  may 
be  satisfactorily  established,  there  is  considerable  dif. 
ficulty  in  conceiving  by  what  process  so  many  beds 
and  seams  of  coal  have  been  regularly  arranged  over 
each  other  in  the  same  coal-iield,  and  separated  by  . 
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Strata  of  sandstone,  shale,  and  indurated  clay.  It 
will  tend  to  simplify  the  enquiry,  if  wc  examine  a 
coal-field  of*  very  limited  extent ;  such  as  those  which 
occur  in  small  coal-basins  called  sxcilkyj.s  on  the  hills 
in  the  West  Riding  of  Yorkshire,  and  which  are  not 
more  than  one  mile  in  length  and  breadth.  It  seems 
evident  that  these  basins  have  once  been  small  lakes 
or  marshes,  and  that  the  strata  have  been  deposited 
on  the  bottom  and  sides^  taking  the  concave  form 
which  depositions  under  such  circumstances  must  as- 
sume :  and  it  is  deserving  notice,  that  the  stratum  of 
coal,  which  in  one  of  these  coal-basins  at  Hudawell 
is  a  yard  thick  in  the  lowest  part,  gradually  diminishes 
as  it  approaches  the  edges,  and  then  entirely  vanishes. 
This  fact  proves  that  tlie  present  basin-shaped  posi- 
tion of  the  strata  was  in  this  case  at  least  their  original 
one ;  and  that  the  basin,  at  the  period  wiien  the  coal 
strata  were  formed,  was  a  detached  lake  or  marsh, 
and  not  part  of  the  bed  of  the  sea. 

It  has  been  supposed  that  coal  strata  were  de- 
posited on  the  bed  of  the  ocean ;  but  this  is  not 
probable,  for  the  vegetable  remains,  so  abundant  io 
the  coal  strata,  belong  to  families  of  terrestrial  or 
marsh  plants,  ferns,  gigantic  equisetums  (horsetail), 
with  jointed  and  striated  stems  like  reeds,  hence 
called  calamites,  and  lycopodia  allied  to  ferns :  these 
compose  the  greater  part  of  the  fossil  plants  accom- 
panying  coal.  In  some  instances,  the  coal  is  decid- 
ediy  formed  of  such  plants;  and,  from  the  plants 
being  sometimes  found  erect,  we  may  infer  that  they 
grew  near  the  place  where  they  occur.  A  further 
proof  of  the  fresh-water  formation  of  coal  strata,  ia 
a£R>rded  by  a  stratum  of  indurated  clay  in  the  York- 
shire and  Derbyshire  coal-fields.  It  occurs  about 
the  middle  of  the  series,  and  i^  filled  with  the  shells 
of  ffesh-water  muscles.  This  stratum  is  called 
muscie-bt?ic/,  and  will  be  particularly  referred  to  in  the 
next  chapter.  It  deserves  notice,  that  the  substanee 
of  shells  in  the  coal  shale,  at  least  wherever  I  have 
seen  them  in  the  Northern  coal-fieldsy  has  that  cr^ 
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taceons  or  chalky  appearance  and  consistence,  which 
I  have  observed  to  be  peculiar  to  shells  in  what  are 
regarded  as  undoubtL'ti  freshwater  formations. 

If  the  basins  in  whicli  tiie  coal  strata  are  deposited 
were  originally  freshwater  lakes  or  marshes^  did  any 
of  the  plants  whose  remains  compose  coal  grow  where 
the  coal  is  now  found?  or,  were  they  carried  by 
rivers  or  inundations  into  the  lakes,  and  gradually 
deposited  as  the  water  evaporated  ?  The  former  u 
perhaps  the  most  probable  hypothesis;  and  the  oc- 
currence of  the  same  peculiar  kind  of  fire  clay  under 
each  bed  of  coal,  favours  the  opinion,  that  this  was 
the  soil  proper  for  the  production  of  those  plants 
from  whicii  coal  has  been  formed.  If  we  suppose 
that  these  lakes  were  periodically  laid  dry,  and 
again  filled  by  sudden  inundations,  we  shall  have  the 
conditions  required  for  the  succession  of  carbon- 
aceous and  earthy  strata  that  Uike  place  in  a  coal- 
field:  a  repetition  of  such  inundations  would  till  up 
the  lake  or  basin.  Nor  can  such  a  supposition  ap- 
pear  improbable;  for,  as  the  species  of  vegetables 
in  the  coal  strata  are  analogous  to'wliat  at  present 
grow  in  tropical  climates,  we  may  infer  that  they 
were  subjected  to  such  atmospheric  influences  as 
promote  the  rapid  growth  and  decay  of  vegetation 
in  hot  countries,  accompanied  with  great  periodical 
inundations. 

The  terrestrial  and  marsh  plants  that  accompany 

coal,  and  of  which  it  was  formed,  might  flourish  be- 
tween these  successive  inundations,  their  growth 
being  sufficiently  rapid  to  form  a  thick  bed  of  vege- 
table matter  in  a  short  period;  for,  as  they  had  not 
the  ligneous  structure  of  wood,  their  decomposition 
by  vegetable  fermentation  might  speedily  be  etiected. 
Should  it  be  objected,  that  some  of  the  coal  beds  are 
from  nine  to  thirty  feet  in  thickness,  and  that  a  mass 
of  vegetable  matter,  sufficient  to  form  such  beds, 
could  not  be  collected  in  one  season,  it  might  be 
said  in  reply,  that  we  know  not  the  duration  of 
the  periocb  during  which  v^tation  might  proceed 
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without  interruption  ;  but  it  deserves  particular  no- 
tice, in  relation  to  this  subject,  that  a)I  thick  beds  of 

ioal  are  divitlecl  into  several  minor  strata,  and  have 
frequently  thin  strata  of  shale,  clay,  or  sandstone  be- 
tween them,  though  they  are  called  by  the  miners 
one  bed,  as  the  coal  can  be  all  got  at  tlie  same  level. 
The  Staflbrdshire  coal  stratum,  which  is  thirty  feet 
thick,  is  divided  into  thirteen  minor  strata  by  seams 
of  clay,  kc, ;  and  the  thirteen  feet  bed  of  coal  at 
Ashby  Wolds  is*  composed  of  several  seatns  of  dit- 
ferent  quaUties,  which  have  different  names  given  to 
them  by  the  miners. 

Very  thin  seams  of  coal  sometimes  alternate  with 
the  shale  lying  between  two  large  beds  of  coal.  I 
have  on  the  table  before  me,  a  mass  from  the  Duclloy 
coal-field,  in  which  j)artof  two  beds  of  coal  are  sepa- 
rated by  a  stratum  of  iiuiurated  clay  or  shale,  about 
two  inches  in  thickness;  tin's  stratum  of  shale  con- 
tains more  than  twenty  seams  of  coal,  none  of  which 
exceed  the  thickness  of  a  wafer,  but  they  are  dis- 
tinctly separated  from  each  other  by  seams  of  shale. 
These  thin  seams  of  coal  and  shale  were  probably 
formed  by  alternate  depositions  of  leaves  or  minute 
a(|uatic  plants,  and  of  earthy  particles  forming  layers 
of  clay  or  sand.  These  are  circumstances  which  ap^ 
pear  to  me  to  ])rove,  that  the  formation  of  the  coal 
strata  was  effected  more  rapidly  than  those  geologists 
liave  hitherto  been  willing  to  admit,  who  have  only 
examined  coal  mines,  seated  in  an  easy  chair  in  their 
studies.  The  frequent  repetition  of  certain  series  of 
strata  of  precisely  the  same  quality  and  thickness  at 
different  depths  in  the  same  mine,  is  well  deservii^ 
notice,  as  it  indicates  a  periodical  recurrence  of  the 
same  conditions  under  which  they  were  deposited. 
A  remarkable  instance  of  such  recurring  series,  in  the 
mine  belonging  to  the  Marquis  of  Hastings  which  I 
examined  in  181^,  will  be  stated  at  the  end  of  the 
present  chapter. 

Vertical  stems  of  plants  occur  in  coal-fields :  this 
may  have  been  their  original  locality,  but  it  is  seldom 
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that  they  can  be  seen  in  this  position,  unless  in  situ- 
ations wiiere  a  considerable  face  of  rock,  composed 
of  coal  measures,  is  open  to  the  da^. 

In  1819, 1  bad  an  opportunity  of  examining  Burnt^ 
wood  quarry,  at  Althouse,  near  Wakefield  in  Yorkshire, 
at  which  time  there  were  numerous  vertical  stems 
in  strata  of  sandstone,  the  iipj)cr  series  of  the  coal 
measures.  One  stem  whicli  I  measured  in  the  quarry 
was  nine  feet  in  length,  and  ten  inches  in  diameter  ; 
but,  what  is  remarkable,  this  stem  passed  throui^h 
three  strata  of  sandstone,  parted  by  regular  strata 
seams.  It  bad,  tlierefbre,  evidently  grown  in  the 
situation  where  it  stood ;  for  it  is  difficult  to  believe 
that  any  vegetable  stem  could  pierce  through  three 
strata  of  sandstone,  the  lower  of  which  at  least  must 
have  been  partly  consolidated.  When  we  consider 
that  these  were  the  stems  of  hollow  tubular  plants, 
equisetums,  without  any  woody  support,  it  is  impos- 
sible to  believe,  that  tliey  could  have  remained  erect 
in  a  warm  tempeiature  without  speedy  destruction 
or  decomposition,  even  for  a  very  limited  time.  We 
arc  theicforc  certain,  that  they  were  specilily  encased 
in  the  strata  that  now  surround  them,  or,  in  other 
•  words,  that  three  strata  of  sandstone  nine  feet  in 
thickness  were  rapidly  dej)osited. 

The  coal  mines  at  St.  Etienne,  in  France,  present 
similar  appearances ;  the  vertical  stems  are  numerous, 
and  ten  or  twelve  feet  in  length.  From  a  drawing 
and  description  of  them  given  me  by  M.  Alexandre 
Brongniart,  it  appears,  that  they  were  huge  equi- 
setums, and  the  hollow  tube  is  filled  with  sandstone. 
The  circumstances  and  the  inferences  from  them 
agree  with  those  he  fore  stated  of  Burntwood  quarry. 

In  the  section  of  the  Ashby-de-la-Zouch  coal,  given 
at  the  end  of  this  ciiapter,  it  will  be  seen  that  there 
are  no  less  than  sixteen  strata  of  blue-bind,  exactly 
of  the  same  thickness,  and  alternating  with  sixteen 
strata  of  ironstone,  of  which  the  six  up])er  are  only  one 
inch  in  thickness,  and  th^  lower  two  inches.  If  we 
should  suppose  each  stratum  of  bind  and  ironstone  to 
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have  been  deposited  in  different  parts  of  one  year,  we 
should  have  a  speedy  tbrmation  of  these  thin  beds.  We 
know  nothing,  however,  certain,  respecting  the  form* 
ation  of  ironstone ;  but  it  appears  to  have  been  de« 
posited  in  fresh  water,  as  it  occurs  in  freshwater 
strata  in  the  res^ular  coal  formation*  and  in  the  coal 
strata  of  the  oolites  in  Yorkshire,  and  among  the  clay 
and  sandstone  strata,  in  the  wealds  of  Kent  Few 
geologists  have  attempted  to  explain  the  formation 
of  ironstone.  It  may  have  been  a  deposition  from 
chalybeate  waters,  or  was,  pei  haps,  the  produce  of 
decomposed  vegetation,  as  bog  or  peat  iron  is  sup- 
posed to  have  been. 

Some  geologists  are  of  opinion,  that  coal  was 
formed  from  peat ;  but  the  fossil  vegetables  in  coal 
strata,  and  in  the  coal  itself,  are  not  what  compose 
the  peat  of  the  present  day«  However,  if  nortnero 
latitudes  had  the  temperature  of  tropical  climates 
during  the  geological  epoch  when  the  v^etables 
flourished  that  are  found  in  the  coal  strata,  the  peat 
of  tliat  period  would  partake  of  a  different  character 
from  recent  peat  beds,  and  might  be  produced  by 
the  rapid  decomposition  of  the  large  terrestrial  and 
marsh  plants,  before  refbi  i  ed  to.  A  bed  of  modern 
peat,  seven  feet  in  thickness,  is  said  to  have  been 
formed  in  thirty  years;  but  the  primitive  vegetation 
of  the  world,  flourishing  and  decaying  under  a  high 
degree  of  temperature,  and  a  moist  atmosphere,  mi^t 
form  tiiick  beds  of  peat  in  a  much  shorter  period. 

It  is  trulv  deser\'ing  attention,  that  the  vegetid>Ie 
fossils  found  in  distant  parts  of  the  world,  and  under 
very  different  latitudes,  are  nearly  identical  with  those 
in  European  coal-fields.  The  plants  in  the  coal- 
tieids  of  North  America,  and  even  tlie  speeimens 
from  Greenland,  are  analogous  to  those  in  tlie  En- 
glish coal-fields ;  and  the  ihw  specimens  that  have 
been  obtained  from  the  tropical  regions  in  America, 
from  New  Holland,  and  from  India,  belong  to  tlie 
same  families  as  those  which  we  find  in  the  coal 
strata  of  Europe.  Now,  if  we  admit  these  distant 
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beds  of  coal  to  be  of  contemporaDeous  formation, 
we  must  admit  also,  that  the  temperature  of  the 

whole  globe  was,  at  that  epoch,  nearly  the  same,  in 
very  ditibrent  hititutles ;  or  were  we  to  suppose  that 
these  coal-fields  were  formed  in  different  epochs,  we 
must  still  grant,  that  northern  latitudes  have  once 
enjoyed  the  same  temperature,  as  countries  under 
the  ec^uator. 

Before  concluding  these  observations,  it  may  be 
permitted  to  remark,  that,  however  ancient  the  form- 
atkm  of  coal  and  ironstone  may  have  been,  the  fre- 

Juent  occurrence  of  these  minerals  together,  both 
estined  in  future  time  to  give  to  man  an  extensive 
empire  over  the  elements,  and  to  contribute  largely 
to  his  means  of  civilisation  and  comfort,  cannot  fail 
to  impress  the  reflecting  mind  with  evidence  of  pro- 
spective designing  intelligence. 

The  conversion  of  vegetable  matter  into  true 
mineral  coal  has  been  admirably  elucidated  by  the 
experiments  of  Dr.  Macculloch  on  wood  in  different 
states  of  bituminisation,  from  submerged  wood,  to 
peat,  brown  coal,  surturbrand,  and  lastly-  to  jet,  in 
which  the  traces  of  organisation  are  nearlv  destroyed. 
These  substances,  which  have  been  only  subjected 
to  the  action  of  water,  all  yield  bitumen  by  gentle 
distillation:  but  they  ditfer  iioin  mineral  coal,  by 
yielding  also  a  large  portion  of  acetic  acid,  which 
marks  the  remains  of  undecayed  vegetable  sub- 
stances. Common  coal  has  formerly  been  regarded 
as  a  combination  oi  charcoal  with  bitumen  ^  but  as 
bitumen  is  itself  a  combination  of  carbon  with  hy« 
drogen,  Dr.  Macculloch  says,  it  will  be  more  proper 
to  consider  coal  as  a  bitumen,  varying  in  its  compo- 
sition from  the  fattest  Newcastle  coal  to  the  driest 
Kilkenny  coal,  and  owing  its  compactness  to  the 
peculiar  circumstances  under  whicri  it  has  been 
formed,  the  changes  it  may  have  subsequently  under- 
gone, and  the  substances  intermixed  with  it.  The 
power  of  yielding  naphtha  by  distillation,  is  the  dis- 
tinction between  one  end  of  the  series  and  the  otlier» 
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Thc'last  link  (anthracite)  contains  only  carbon ;  so 
tlic  last  result  oi  the  distiilatiuu  of  asphaltum  is  also 
carbon. 

To  convert  wood-coal  or  jet  into  true  coai,  some 
fiirther  process  than  long  submersion  in  water  seeniE 
necessary.  The  latter  substance,  jet,  was'  reduced 
to  powder  by  Dr.  M.,  and  put  into  a  gun«barrei,  and 
covered  close  with  Stourbridge  cla)  ;  it  was  then 
exposed  to  a  moderate  red  heat.  By  this  process,  it 
was  converted  into  a  substance  having  all  the  exter- 
nal c  hai  actcrs  and  chemical  properties  of  true  mineral 
coal,  and  the  clay  was  converted  into  coal  shale.  But 
though,  in  llie  laboratory  of  the  chemist,  the  last 
stage  of  the  ibrmation  of  coai  requires  artificial  tire, 
yet  in  the  great  laboratory  of  Nature,  vegetable  tier- 
ofentation  and  compression  may  evolve  sufficient 
heat»  for  the  ultimate  formation  of  mineral  coal,  it 
may,  however,  deserve  notice,  that  most  great  repou 
sitories  of  conl.are  intersected  by  beds  and  dykes 
of  basalt,  which  is  now  admitted  to  be  of  igneoUa 
origin.* 

Pressure  and  time  alone  may  be  sufficient  to  pro- 
duce the  destruction  of  vegetable  organisation,  and 
the  perfect  consolidation  of  beds  of  coal,  as  is  proved 
by  the  con)})lete  consolidation  of  loose  materials  left 
in  coal  mines,  when  tlie  su})ports  are  removed,  and 
the  upper  strata  sink  down.  In  a  few  years  scarcely 
a  trace  of  former  operations  remains.  In  contem- 
plating natural  causes,  we  are  too  apt  to  measmre 
their  power  by  the  results  of  artificial  processes,  and 
by  observations  continued  for  a  short  portion  of  hu- 
man life.  The  substances  found  in  the  neglected 
vessels  of  the  chemist,  often  prove  to  us,  that  changes 
in  the  physical  properties  oi'  bodies  are  effected  by 

*  At  Meisner,  in  Hesse,  a  thick  bed  of  wood-coal  or  lignite  is 

covered  an  enormous  mass  of  basalt,  and  is  only  separated  from 
it  by  a  thin  bed  of  clay.  The  upper  parts  of  the  ligalte  are  con- 
verted into  anthracite,  and  even  into  true  bituminous  coal,  viiile 
the  lower  parts  are  formed  of  earthy  and  hbrous  wood-coal* 
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time,  which  it  vvouid  be  difficult  to  imitate  in  com- 
BUin  experiments. 

The  great  regular  coal  formations  in  England  and 
Walesy  generally  occurs  resting  on  transition  lime- 
stone* In  some  situations,  the  under  transition  rocks' 
are  wasting*  and  the  series  of  coal  strata  rest  on 
granite,  with  the  intervention  of  a  thick  bed  of 
eonglomerate. 

No  mineral  coal,  both  good  in  qualitv  and  abun- 
dant in  quantity,  has  ever  been  fouiul  either  in  the 
primary  or  in  tlie  lower  transition  rocks,  or  in  the 
upper  secondary  or  tl)e  tertiary  strata.  It  is  true, 
that  in  tlie  oolite  of  the  upper  secondary  strata,  two 
series  of  coal  strata  occur  on  the  eastern  moorlands 
of  Yorkshire,  which  are  thought  of  sufficient  impor- 
tance to  be  worked  j  but  the  coal  is  very  indiderent^ 
and  is  chiefly  used  by  the  lime-burners.  This  coal 
fimnation  will  be  noticed  in  a  subsequent  chapter. 
The  Kimmeridge-clay  in  the  oolites  also  contains  beds 
of  shale  impregnated  with  bitumen,  which  is  used 
as  fuel  in  a  country  where  coal  is  extremely  dear. 

The  wood-coal  of  Bovey  Heathfield  has  been 
already  noticed.  I  may  state  in  addition,  that  I 
visited  the  mine  in  1815:  it  is  worked  like  an  open 
quarry ;  it  had  been  for  some  yeaj's  previously  under 
water,  but  was  then  laid  dry  by  pumps.  There  are 
several  irregular  beds  of  lignite  or  wnrul-coal  alter- 
nating with  what  is  called  dead  coal,  which  is  less 
inflamasable,  and  resembles  a  bituminous  shale ;  the 
keds  wedge  out  narrow  as  they  descend.  The  whole 
mass  is  more  or  less  bituminised  ;  but  the  upper  part, 
which  preserves  the  woody  structure  more  perfectly, 
seems  principally  composed  of  clay.  Sulphate  and 
carbonate  of  iron  occur  in  some  part  of  the  beds,  and 
rounded  })ieces  of  maltha.  Wood-coal  occurs  chiefly 
in  diluvial  deposits.  Where  wood-coal  is  covered 
with  basalt,  it  is  converted  into  a  substance  nearly 
resembling  mineral  coal.  This  coal  occurs  in  Iceland, 
in  the  north  of  Ireland,  and  in  many  basaltic  districts 
on  the  Cdntittent. 
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Before  concluding  this  bi  lel  account  of  imperfect 
coal  formations,  out  of  the  limits  of  the  regular  coal 
formation,  I  would  direct  the  attention  of  geologists 
to  two  situations,  in  which  coal  is  found,  that  are 
well  deserving  ot  notice.    The  first  is  the  mine  of 
Entreveines,  situated  in  a  mountain  valley  about 
2000  feet  above  the  lake  of  Anoecy,  and  at  least 
3^00  feet  above  the  level  of  the  sea.    The  bed  of 
coal  consists  of  three  minor  beds,  separated  by  thio 
seams  of  clay  varying  in  thickness,  yielding  about 
four  feet  of  good  coal,  which  has  the  character  and 
fracture  of  mineral  coal ;  it  is  shining,  does  not  soil 
the  fingers,  and  is  Iiighly  bituminous,  being  exclu- 
sively  used  for  the  gas  lights  in  the  cotton-mills  at 
Annecy.    The  total  thickness  of  the  sandstone,  shale, 
and  coal  strata,  whicii  compose  the  coal  formation  in 
this  place,  is  about  one  hundred  and  fifty  yards ;  they 
are  placed  between  thick  beds  of  limestone,  and  dip 
together  at  an  angle  of  about  seventy  degrees.*  It 
is  worthy  of  observation,  that  the  limestone  beds 
above,  and  below  the  coal  formation,  have  the  hard- 
ness, fracture,  translucency,  and  appearance  of  the 
transition  limestone  at  Plymouth ;  yet  in  another 
part  of  the  mountain,  the  same  limestone  is  associated 
with  a  bed  of  dark  clay,  in  which  I  found  gryphites 
and  belemnites,  clearly  indicating  that  the  bed  was 
analogous  to  our  lias  or  clunch  clay;  and  that  the 
limestone  associated  with  it,  notwithstanding  its  mi* 
neral  character,  belonged  to  the  upper  secondary 
strata;  and  hence  that  the  coal,  in  geological  posi* 
tion,  agreed  with  the  imperfect  coal  formations  in  the 
English  oolites.   Here,  then,  we  have  a  further  proof 
of  what  has  before  been  stated,  that  in  the  calcareous 
formations  of  the  Alps,  the  upper  secondary  strata 
lose  the  soft  and  earthy  character  which  distinguish 
the  oolites  and  chalk  in  England,  and  are  converted 
into  marble.    Tiie  coal  also,  which  is  very  imper* 

*  A  particular  description  ol  this  singular  coal  mine,  with  a  cut 
illustrating  the  position  of  the  beds,  is  given  in  Vol,  I.  of  my 
« Travels  Si  the  Tarentaise,'  dc. 
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fectly  formed  in  the  English  oolite,  has,  in  the  same 
Jimestone  formation  in  the  Alps,  the  character  of  true 
mineral  coal. 

A  still  more  remarkable  coal  formation  occurs  at 
Alpnach,  near  the  lake  of  Lucerne  in  Switzerland, 
where  a  bed  of  coal  is  found  at  the  depth  of  two 
hundred  and  eighty  feet  from  the  surface.  Over  the 
coal,  there  is  a  stratum  of  bituminous  limestone  con- 
taining fluviatile  shells,  and  bones  and  teeth  of  the 
lai^  mammalia,  particularly  the  teeth  of  a  species  of 
mastodon.  The  specimens  which  were  shown  me  by 
Professor  Meissner  of  Berne,  on  my  return  from  the 
Swiss  Alps,  made  me  regret  exceedingly  not  having 
visited  Alpnach.  Notwithstanding  the  occurrence 
of  the  bones  of  large  land  qnadi  upeds  in  the  stratum 
over  the  coal,  the  coal  approaches  in  character  nearly 
to  mineral  coal,  and  the  strata  of  micaceous  sandstone 
and  shale  above  it,  have  a  close  resemblance  to  those 
in  our  £nglish  coal-fields.  Though,  from  the  organic 
remains,  we  are  compelled  to  place  the  coal  of  Alp- 
nach among  the  tertiary  strata,  or  to  admit  the  occur- 
rence of  an  anomalous  formation  like  the  one  at 
Stonesfield,  still  I  believe  the  true  geological  })o.sition 
of  the  coal  of  Alpnach  is  problematical;  and  it  de- 
serves the  particular  attention  of  some  English  geo- 
logist, w^ell  acquainted  witii  tlic  different  coal-fields 
in  his  own  country,  and  the  lignite  formations  in  vari- 
ous parts  of  Europe. 

It  will  be  seen  by  a  reference  to  the  Geological 
Map,  and  the  Chapter  containing  an  Outline  of  the 
Geology  of  England,  that  there  is  a  considerable  part 
of  South  Britain  where  coal  has  not  been  found.  Two 
important  questions  may  be  asked;  —  Do  the  coal 
strata  extend  under  the  parts  where  coal  has  not  yet 
been  discovered  ?  And  if  they  do  extend  beyond 
their  present  known  lunits,  —  what  practicable  means 
can  be  eniployed  to  obtain  the  coal?  With  respect 
to  the  first  question  —  it  is  well  ascertained  by  boring, 
tliat  the  coal  strata  do  in  some  places  extend  under 
the  magnesian  limestone,  by  which  they  are  immedi- 
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ately  covered  in  some  of  the  northern  cbiintiesy  though 
it  was  formerly  supposed  that  the  coal  terminated 

before  it  reached  tlie  magncsian  limestone,  or  was 
there  cut  otl'  by  a  fault.  In  a  considerable  part  of 
England,  the  coal-fields  arc  ininiediately  covered  by 
what  is  called  the  rod  marie  or  new  red  sandstone  ; 
but  there  are  few  situations  where  the  red  inarle 
and  sandstone  have  been  sunk  through  for  coal.  **  I 
am,  however,  decidedly  of  opinion,  that  under  the 
red  marie  adjacent  to  the  coal  districts  in  my  native 
county,  Nottinghamshire,  the  regular  coal  strata  will 
be  Ibund  ;  and  that  there  is  a  high  degree  of  proba- 
bility that  rock  salt  or  brine  springs  will  be  Ibund  in 
the  red  marie  itself,  ])articularly  in  those  parts  of  the 
county  where  beds  of  massive  gypsum  occur.*  The 
same  remark  might  be  extended  to  the  red  marie  and 
sandstone  districts  adjoining  coal  strata  in  Derby- 
shirCy  Leicestershire,  and  Warwickshire/' f  In  con- 
firmation  of  the  opinion  here  advanced,  a  saline  spring 
has  in  con8e(|uence  been  discovered  about  four  miles 
north-west  of  Nottingham ;  and  coal  has  been  lately 
found  under  the  red  marie  and  sandstone  on  the  south 
side  of  Charnwood  Forest,  where  it  had  not  before 
been  suspected  to  exist.  It  may,  however,  be  proper 
to  say,  that  no  search  of  this  kind  by  boring  should 
be  undertaken  by  any  one,  to  whom  the  expense,  in ' 
case  of  failure,  would  be  a  serious  inconvenience. 

The  dip  and  direction  of  the  strata  in  the  coal- 
fields nearest  to  the  estate  where  the  search  is  to  be 
made,  should  be  well  known.  If  the  strata  liip  to-' 
wards  the  estate,  it  is  probable  the  coal  may  extend 
under  it :  if  they  dip  from  it,  the  search  should 
not  be  undertaken.  To  make  this  intelligible,  see 
Plate  III.  fig.  3.  a,  a.  a,  are  a  series  of  coal  strata, 
or,  as  they  are  provincially  called,  coal  measures, 
dipping  toward  the  side  B.  c.  c.  c.  are  strata  of  red 
marie  or  sandstone,  lying  uncouibrmably  over  the  - 

*  Sd  edition,  1828. 

f  Since  the  third  edition  of  this  work  was  published,  coal  has 
been  foand  under  the  red  marie  and  sandstone  near  Manchester. 
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coal  strata.  Now,  according  to  tiiis  arranefcment,  a 
search  for  coal  might  be  successful,  thougli  the  bed 
might  be  at  too  great  a  depth  to  be  worked.  Whereas 
on  an  estate  at  as  the  coal  strata  dip  from  ity  were 
we  to  bore  to  the  centre  of  the  eartli,  we  could  never 
fiod  the  beds  1. 2*  d«4.  If  the  estate  b  is  situated  a 
oopsiderable  distance  from  a  known  coal-field,  the 
strata  of  coal  may  bend  as  represented  Plate  IV* 
fig.  9.  and  crop  out  at  a,  before  they  reach  the  sta- 
tion where  the  trial  is  made ;  and  if  the  outcrop 
be  covered  by  the  red  sandstone,  this  cannot  be 
known  but  by  trial. 

Rock  salt  or  brine  springs  are  most  Ukely  to  be 
found  by  boring  in  the  vicinity  of  massive  gypsum, 
without  regarding  the  stratification.  As  for  the  dis- 
tricts  where  the  upper  secondary  strata  of  lias,  oohte, 
and  chalk  occur,  all  search  for  the  regular  coal  strata 
must  there  be  fruitless;  as  the  vast  thickness  of 
ihesjb  calcareous  formations  precludes  the  hope  of 
(uccess. 

Coal  mines,  it  is  well  known,  are  subject  to  fatal 

explosions  of  what  is  called  the  Hre-damp,  or  carbu- 
Jt'Ueil  h)dioii,en  gas.  This  gas  a))pears  to  be  gene- 
rated by  tlie  decomposition  of  iron  pyrites  in  coal, 
anil  may  often  be  heard  issuing  from  the  fissiucs  in 
coal-beds  witli  a  hnbhliug  noise,  as  it  forces  the  water 
out  along  with  it.  Tiie  choke-damp,  as  it  is  called* 
is  either  carbonic  acid  gas  (fixed  air),  or  the  unre- 
spirable  residue  of  air  leil  after  explosions,  when  all 
the  oxygen  is  consumed.  (See  Appendix*) 
:  The  regular  or  great  coal  formation  has  never 
i^^n  discovered  at  a  very  considerable  elevation 
above  the  level  of  the  sea :  it  generally  is  found  to« 
wards  tiie  feet  of  great  mountain  chains,  or  in  the 
valleys  near  to  lofty  mountain  ranges.  Tlie  geology 
of  large  portions  of  the  globe  is  still  unknown;  but 
It  appears  from  those  parts  with  which  we  are  ac- 
quainted, that  coal  is  principally  found  in  temperate 
regions,  between  thirty-five  and  sixty-five  degrees  of 
latitude*    In  Europe,  — Great  Britain,  1^  ranee.  Flan* 
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dcis,  and  Germany,  (particularly  Silesia,  Saxony, 
Bohemia,  and  Tluiringia,)  contain  large  coal  form- 
ations ;  but  in  the  southern  and  more  northern  parts 
of  Europe,  coal  is  of  rare  occurrence.  In  North 
America,  coal  is  found  in  great  abundance  on  the 
western  side  of  the  Alleghany  mountains;  it  has  also 
been  discovered  in  Pennsylvania,  extending  westward 
towards  Pittsburgh^  over  a  space  of  three  hundred 
miles.  Coal  occurs  also  liear  Richmond,  in  Virfff 
nia,  and  in  the  Missouri.  American  coal  is  said  to 
be  found  in  quartz  rock,  which  I  apprehend  to  be 
merely  siliceous  grit,  composed  of  nearly  pure  granu- 
lar  silex,  such  as  abounds  in  the  lower  part  of  the 
Yorkshire  coal-fields.  The  coal,  in  a  great  part  of 
the  United  States,  contains  little  bitumen,  and  hence 
is  called  anthracite,  but  it  is  not  the  true  anthracite 
of  mineralogists,  but  far  more  valuable  ibr  fuel.  The 
discovery  of  this  immense  repository  of  coal,  accom* 
panied  with  ironstone,  must  prove  of  the  highest  im- 
portance to  a  nation  so  industrious,  intelligent,  and 
enterprising,  as  the  inhabitants  of  the  United  States.* 
In  the  vicinity  of  Pittsburgh,  I  am  informed,  diat 
the  strata  of  coal  are  nearly  horizontal,  and  that  in 
one  situation,  the  same  stratum  of  coal  fonns  tlie 
bed  of  a  river  for  several  miles.  Coal  has  been  dis- 
covered in  New  Holland.  The  only  threat  coal  form- 
ations  in  Asia  that  wc  know  of  are  in  China,  where 
coal  is  described  as  existing  in  large  quantities,  and 
as  being  extensiv  ely  used  tor  fuel  in  that  vast  empire. 

As  France  will  probably  continue  to  be  for  many 
centuries  our  great  manufacturing  rival,  it  is  interest- 
ing to  know  what  are  her  resources,  for  the  6up})Iy 
of  an  article  found  so  essential  to  alino6t4ill  the  prin- 
cipal  manufactures  of  Great  Britain.  Before  the  late 
peace,  forty-seven  of  the  departments  contained  coal 
districts,  and  the  annual  consumption  was  stated  to 
be  about  five  million  tonsj  but  a  great  part  of  the 

*  A  iarther  account  oi  the  Ainerican  coal-fields  will  be  given  in 
die  Appdodix. 
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rich  and  extensive  coal-field  extendinir  from  Valen^ 
ciennes  to  Aix-la-Chapelle,  is  comprised  in  that  part 
of  Handers,  which  was  separated  iioin  France  at  the 
peace.  There  are,  however,  extensive  coal  districts 
-  in  the  north-eastern,  the  western,  the  middle,  and  the 
southern  parts  of  France.  Two  miles  from  Lyons 
there  are  coal  mines.  The  coal  of  St.  Etienne  and 
the  ironstone  beds  accompanying  it»  about  twenty 
miles  north-west  of  Lyons,  are  of  the  very  best 
quality.  In  the  year  18£^,  when  I  passed  through 
that  country,  many  English  workmen  were  employed 
in  the  iron-works,  wiucli  were  rapidly  increasing.  It 
cannot  be  doubted  that  France  possesses  every  ad- 
vantage, from  its  soil,  its  climate,  and  its  mineral 
resources,  which  a  great  manufacturing  nation  can 
rec^uire. 

Observations  on  the  Period  when  the  Coal 
Mines  in  England  will  be  exhausted. 

Co^l  was  known,  and  partially  used,  at  a  very  early  period  of  our 
liutoty.  I  was  informed  by  the  late  Marquis  of  Hastings,  that 
itooe  hammers  and  stone  tools  were  found  in  some  of  the  old 
workings  in  his  mines  at  Ashby  Wolds ;  and  liis  lordship  in- 
formed me  also,  that  similar  stone  tools  had  been  discovered  in  tlie 
old  workings  in  the  coal  mines  in  the  north  of  Ireland.  Hence  we 
ma^  infer,  that  these  coal  mines  were  worked  at  a  veir  remote 
period*  when  the  use  of  metallic  tools  was  not  generaL  The  burn- 
ing of  coal  was  prohibited  in  London  in  the  year  1308,  by  the 
royal  proclamation  of  Edward  the  First.  Li  the  reign  of  Queen 
Elizabeth,  the  burning  of  coal  was  again  prohibited  in  London 
during  the  sitting  of  parliament,  lest  the  health  of  the  knights  of 
the  shire  should  suffer  injury  during  their  abode  in  the  metropolis. 
In  the  year  16^3,  the  use  of  coal  had  become  so  general,  and  tlie 
price  being  then  yery  high,  many  of  the  poor  are  said  to  have 
perished  for  want  of  fuel.  At  the  present  day,  when  the  con- 
somption  of  coal,  in  our  iron-furnaces  and  manufactories,  and  for 
domestic  mc,  is  immense,  we  cannot  but  regard  the  exhaustion  of 
our  coal  beds  as  involving  the  destruction  of  a  great  portion  of 
our  private  comfort  and  national  prosperity.  Nor  is  the  period 
very  remote  when  the  coal  districts,  which  at  present  supply  the 
metropolis  with  fuel,  will  cease  to  yield  any  more.  The  annual 
quMtity  of  coal  shipped  in  the  rivers  Tyne  and  Wear,  according 
to  Mr.  Bailey,  exceeded  three  million  tons.  A  cubic  yard  of  coal 
weighs  nenrly  one  ton ;  and  the  number  of  tons  contained  in  a  bed 
of  coal  one  square  mile  in  extent,  and  one  yard  in  thickness,  is 
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about  four  millions.  Tlie  nutnbcr  and  extent  of  all  die  principal 
coal-beds  in  Northiioiberland  and  Durham  are  known  ;  and  from 
these  data  it  has  been  calcuiated,  that  the  coal  in  these  countiea 
will  last  3(J0  years,  Mr.  Bailey,  in  his  Survey  of  Durham,  states, 
that  one-third  of  jthe  coal  being  already  got,  the  coal  districts  will 
be  exhausted  in  200  years.  It  is  probable  that  many  beds  of  in* 
ferior  coal»  which  are  now  neglected,  ma^  in  future  be  worked ;  but 
the  consurajption  of  coal  being  greatly  mcreased  since  Mr.  Bailey 
publiBhed  hu  Survey  of  Durham,  we  may  admit  his  calculation  to 
be  an  approximation  to  the  truth,  and  that  the  ronl  of  Northumber- 
land and  Durham  will  be  exhausted  in  a  peridd  not  greatly  exceed- 
ing 200  years.  Dr.  Thomson,  in  the  Annals  of  Philosophy,  lias 
calculated  that  tiiu  coal  of  these  districts,  at  the  present  rate  uf 
consumption,  will  last  1000  years ;  but  his  calculatioDS  are  Ibunded 
on  data  manifiestly  erroneous,  and  at  a  wtance  with  his  own  state- 
ments :  for  he  assumes  the  annual  consumption  of  ooal  to  be  only 
two  million  eight  hundred  thousand  tons,  and  the  waste  to  be  one- 
third  more,  —  making  three  million  seven  hundred  thousand  tons, 
equal  to  as  mai>y  square  yards  ;  whereas  he  has  just  before  in- 
formed us,  that  two  million  chaldrons  of  coal,  of  two  tons  and  a 
Quarter  each  chaldron,  lure  exported,  making  four  million  five  hun- 
ored  thousand  tons,  beside  inland  consumption,  and  waste  in  the 
working.*  According  to  Mr.  Winch,  three  million  6ve  hundred 
thousand  tons  of  coal  are  consumed  annually  from  these  districts  ; 
to  which  if  we  add  the  waste  of  small  coal  at  the  pit's  month,  and 
the  waste  in  the  mines,  it  will  make  the  to.tal  yearly  destruction  of 
coal,  nearly  double  the  quantity  assigned  by  Dr.  Thomson.  Dr. 
Thomson  has  also  greatly  overrated  the  quantity  of  the  coal  in 
these  districts,  as  he  has  calculated  the  extent  of  the  principal 
beds  from  that  of  the  lowest,  which  is  erroneous;  for  many  of  the 
principal  beds  crop  out,  before  they  reach  tlie  western  termination 
of  the  coal-fu'lds.  With  due  allowance  for  thv^o  errors,  and  for 
the  quantity  of  coal  already  worked  out  (which,  according  to  Mr. 
Bailey,  is  about  one-third),  the  KK)0  years  of  Dr.  Thomson  will  not 
greatly  exceed  the  j>eriod  assigned  by  Mr.  Bailey  for  the  complete 
exhaustion  of  coal  in  these  counties,  and  may  be  stated  at  SoO 
years. 

It  cannot  be  deemed  unmteresting  to  inquire,  what  are  the  re- 
positories of  coal  that  can  supply  the  metropolis  and  the  southern 
counties,  when  no  more  can  be  o!)tained  from  the  Tyne  and  the 
Wear.  The  only  coal-fields  of  any  extent  on  the  eastern  side  of 
England  between  London  and  Durham,  are  those  of  Derbyshire, 
and  those  in  the  west  riding  of  Yorkshire.  The  Derbyshire  coal- 
field is  not  of  sufficient  magnitude  to  supply,  for  any  long  period, 
more  than  is  required  for  home  consumption,  and  that  of  the 

*  The  waste  of  coal  at  the  nit's  mouth  maj  be  stated  at  ooMixth  of 

the  qnantity  sold,  and  that  in  ihe  mines  at  one-third.  Mr.  Holmes,  in  his 
Treatise  on  Coal  Mines,  states  the  waste  of  smuU  coal  at  the  pit's  mouth 
to  be  one-foonh  of  the  whole. 
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micent  oowtki.  Xbm  are  many  valuable  beds  of  coal  in  the 
vettern  part  of  the  weal  vriding  of  Yorkihtre  wbicM  are  jet  iin* 
wrought;  but  the  time  is  not  very  distant  when  they  mult  lie  put 

in  requisition,  to  supply  the  vast  demand  of  that  populous  manu* 
iacturiiig  county,  which  at  present  consumes  nearly  all  the  produce 
of  its  own  coal  mines.  In  the  midland  counties,  StafFordphire 
pos»etise6  the  nearest  coal  district  to  the  metropolis,  of  any  great 
eiteot;  but  luch  is  the  immense  daily  consumption  of  coal  in  the 
iron-furnaces  and  founderies,  that  k  n  generally  believed,  this  will 
be  the  first  of  our  own  coal-lielda  that  will  be  exhausted*  The 
thirty-feet  bed  of  coal  in  Dudley  coal-field  is  of  limited  extent; 
and  in  the  present  mode  of  working  it,  more  than  two-thirds  of 
the  coal  is  wasted  and  left  in  the  mine. 

If  we  look  to  Whitehuveu  or  Lancashire,  or  to  any  of  the  minor 
coal-fields  in  the  west  of  England,  we  can  derive  little  hope  of  their 
being  able  to  supply  London  and  the  southern  counties  with  coal, 
aAer  the  import  of  coal  fails  from  Northumberland  and  Durham. 
We  may  thus  anticipate  a  period  not  very  remote,  when  all  the 
English  mines  of  coal  and  ironstone  will  be  exhausted:  and  were 
we  disposed  to  indulge  in  gloomy  torelwdings,  like  the  ingenious 
authoress  of  the  "  Last  Man/'  we  might  draw  a  melancholy  j)ic- 
tore  of  our  starving  and  declining  population,  and  describe  some 
msou^acturing  patriarch,  Hke  the  kte  venerablie  Richard  Reynolds 
tnrelliog  to  see  the  last  expiring  English  furnace,  before  he  emi* 
grated  to  distant  regions.* 

Fortunately,  however,  wc  have  in  South  Wales,  adjoining  the 
Bristol  Channel,  an  almost  exhaustlcss  supply  of  coal  and  ironstone, 
which  are  yet  nearly  uiiwrought.  It  has  been  stated  in  the  present 
chapter,  that  this  cual-tield  extends  over  about  twelve  hundred 
square  jniles»  and  iJiat  there  are  twenty-three  bedb  of  workable 
coal,  the  total  average  thickness  of  which  is  95  feet,  and  the 
quantity  contained  in  each  acre  is  100,000  tons,  or  G5,00(\000  tons 
per  square  mile.  If  from  this  we  deduct  one  half  for  waste,  and 
for  the  minor  extent  of  the  upper  beds,  we  shall  iiave  a  clear  sup- 
ply of  coal,  equal  to  ^J2,000,()0()  tons  per  square  mile.  Now,  if  we 
adaiit  that  the  five  million  tons  of  coal  from  the  Northumberland 
sod  Durham  mines  is  equal  to  nearly  one-third  of  the  total  con* 
sumption  of  coal  in  £n|^d,  each  square  mile  of  the  Weldi  coal- 

*  The  late  Richard  Reynolds,  Emj.  of  Bristol,  so  distinguislied  for  his 
unbounded  benevolence,  was  the  original  proprietor  of  l£e  great  iron- 

Worin  in  Colebrook  Dale,  Shropshire.  Owing,  I  believe,  partly  to  tlie 
exhaustion  of  the  best  workable  l)e(ls  of  coal  and  ironstone,  and  partly  to 
the  superior  advantage  possessed  by  the  iron>founiiers  in  South  Wales, 
the  Works  of  Colebrook  Dale  were  finally  relinquibhcd,  a  short  time  before 
the  (lc;ith  of  Mr.  Reynolds.  M^kh  a  naturd  attachment  to  the  scenes 
where  he  had  passc<i  his  early  years,  am!  to  the  pursuits  by  which  he  had 
honourably  actpiireil  his  great  wealth,  he  travelled  from  Bristol  into  Shrop- 
shire, to  be  present  wiien  the  last  of  his  furnaces  was  extingiiislu-ci,  in  a 
valley  where  they  had  been  continually  burning,  for  more  than  half  a 
cemury. 
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field,  woold  yiM  ood  ibr  two  ycani*  cootiiiiiptiiiKi ;  and  as  there 

are  from  one  thousand  to  twelve  hundred  square  inUet  in  thiaooel* 
field,  it  would  supply  England  willi  fuel  for  two  ClKMisand  yearii 

after  all  our  English  coal  mines  are  worked  out. 

It  is  true,  that  a  considerable  part  of  the  coal  in  South  Wales  is 
of  an  inferior  quality,  and  is  not  at  present  burned  for  domestic 
use  i  but  in  proportion  as  coal  becomes  scarce,  improved  methods 
of  tiuming  it  will  assuredly  be  disooveredt  to  prerent  any  sul* 
phiiroui  tunes  firom  entenng  aparlmentSy  and  alao  to  economise 
the  oonsiimptioB  of  fuel  in  all  our  manufiicttning  processes. 

N.  B.  These  observations  are  chiefly  taken  from  one  of  the 
author's  geological  lectures,  which  he  has  occasionally  delivered  in 
some  of  the  principal  mining  districts  in  England :  considering  the 
great  national  importance  of  our  coal  mines,  he  trusts  be  shaU  be 
excused  for  inserting  them  in  the  present  volume. 


Additional  Remarks  on  the  Duration  of 

Enjslisu  Coal. 

Since  the  dKwe  observations  were  first  puUished,  the  consump- 
tion of  coal  has  tncrsased  to  an  almoat  incredible  eitent,  particu* 
larly  in  the  iron  works.  From  5J  to  H  ton  of  coal  are  requh-ed  on 
the  average  for  the  production  of  one  ton  of  iron.  In  the  year  1 8'J7 
the  amount  of  iron  produced  in  Great  Britain  and  Scotland  uas 
nearly  700,000  tons;  this  is  about  three  times  the  quantity  made 
in  1806  or  twenty-one  years  previously.  The  quantity  of  iron 
made  in  the  year  18S6  is  stated,  in  the  Mining  Jourmd,  October  7. 
18S7»  to  be  about  1,000,000  tons.  In  the  manufacture  of  this 
iron  into  pigs  and  bars,  6,000,000  ton  of  ooal  would  be  consumed, 
which  is  a  greater  quantity  than  the  coal  mines  of  Northumberland 
and  Durham  are  said  to  supply  annually. 

In  the  report  of  the  committee  of  tlic  House  of  Commons,  the 
consumption  of  coal  in  Great  Britain,  in  the  year  1S27,  is  stated 
as  under:— 

Domestic  consumption  and  snudler  uaouikctures    -  15,000^000 


Production  of  pig  and  bar  iron  -  3,850,000 

Cotton  manufacture            _  -  -          •  80O.fux) 

Woollen,  linen,  and  silk       -  5(X),000 

Copper  smelting  and  brass  manufacture  -  -  450,000 

Salt-WOllES  500,000 

Li  memories           -         -  -  -         -  500,000 

Exports  to  Ireland             -  .  .         •  750^000 

Ditto  to  Colonies,  foreign  parts  ...  600^000 


22,70(5,000 
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In  this  estimate  no  allawance  is  made  for  the  coal  consumed  in 
tlie  inanuiacture  of  hardware  and  cutlery  in  Birmingham  and  Shef- 
fiddi:  Ae  •moiiDt  may  therefore  be  taxen  as  oontiderably  undef 
die  quantitj  canaiiinea.  The  increanng  demand  ibr  ooaf  m  the 
iron  fumaoeBy  and  ibr  iteam  mmgation,  and  steam  earriages,.will 
probably  soon  raise  the  quantity  of  coal  annually  consumed  to 
30,000,000  tons,  without  adding  to  this  10,000,000  of  tons  for  coal 
left  and  wasted  in  the  mines.  A  better  idea  of  the  consumption 
of  coal  will  {)erhaps  be  formed  by  stating  the  quantity  of  coal  burned 
t»tbe  fbmaces  of  one  house  only  (Messrs.  Guest  of  Myrtliyr  Tydvil, 
k  Glamoi^anahire)^  whicb  is  970  tons  per' day  or  300,000  yearly ; 
the  amount  of  iron  produced  is  50,000,  tons.  This  is  a  lai^r 
quantity  of  iron  than  u-ns  made  by  aU  the  furnaces  of  Great  Britain 
and  Wales  in  the  ycnv  1760,  and  exceeds  the  quantity  of  iron  at 
prestnt  made  in  Scotlantl,  which  in  1827  was  only  iiG,500  tons. 

Surely  when  such  an  immense  quantity  of  coal  is  required  for 
domestic  use  and  manufactures,  it  cannot  be  wise  to  encourage, 
sr  eren  to  admits  tlie  export  of  coal  to  foreign  parts.  The  ooal  so 
exported,  exdusive  of  that  to  Ireland  and  the.  Colonies,  is  about 
500,000  tons  annually.  The  duty  on  exported  coal  was  entirely 
taken  off  in  1835,  to  satisfy  the  great  landed  proprietors  in  the 
north  of  England.  T  have  stated,  in  the  preceding  observations, 
that  the  coal  of  NortliumbLThmd  and  Durham  would,  at  the  pre- 
Knt  rate  of  consumption,  be  exhausted  in  350  years.  An  agent 
sf  ene  of  the  northern  proprietors,  in  his  eridence  before  Uie  House 
sf  Commons,  extended  the  duration  of  the  northern  coal-fields  to 
1727  years,  estimating  that  there  remained  7S2  square  miles  of 
eoal  in  Northumberland  and  Durham  still  unwrought,  and  that  the 
average  thickness  of  the  coal  is  tuclvo  feet.  In  this  calculation  it 
appears  to  have  been  assumed,  that  each  workable  bed  of  coal  ex- 
teuds  under  the  whole  coal-Held,  but  many  of  the  best  and  thickest 
beds  of  coal,  crop  out  long  before  they  reach  the  western  termin- 
staon  of  the  coal  districts*  or  are  cut  off  by  faults  or^dienudations. 
Professor  Buckland,  in  his  evidence  on  this  subject,  estimated  the 
duration  of  the  coal,  at  the  present  rate  of  consumption,  to  be  400 
years.  Professor  Sedgwick,  who  is  wt  ll  ac(|vialnted  with  the  coal 
strata  of  Northumberland  and  Durham  and  liad  examined  persons 
of  great  experience,  gave  his  opinion  respecting  the  duration  of  (he 
coal  of  these  counties  as  follows: — I  am  myself  convinced,  that, 
with  the  oresent  increased  and  increasing  demand  for  coal,  400 
years  wUl  leave  little  more  than  the  name  of  our  best  coal  seams  ;*' 
and  he  further  adds,  "our  northern  coal-field  willtprobably  be  in 
the  wane  before  300  years  have  elapsed." 

At  the  conclusion  of  my  observations  on  the  exhaustion  of  the 
English  coal  mines,  in  the  former  editions,  I  suggested  "  that 
improved  methods  of  burning  coal  would  assuredly  be  discovered 
to  economise  the  comsumptton  of  fuel  in  our  manufiictiiring  pro- 
oeises."  This  anticipation  seems  now  to  be  realised  to  a  great 
extent.  It  was  stated,  at  the  last  meeting  of  the  British  Associ- 
atioQ  at  Liverpool,  by  Mr.  Crane  of  the  Ynscedwin  iron  works,  in 
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South  Wales,  that  he  had  discovered  that  the  culm,  or  dry  coal,  of 
the  great  8011th  Wales  o6al*be8iti»  whkh  is  supposed  to  occupy 
one  third  of  that  basui,  might  oow  be  applied,  with  great  advantage, 

to  the  smelthig  of  hnonstpne  or  ore,  without  cokeing.  It  had  for- 
merly been  often  attempted  to  use  this  coal  in  the  iron  furnaces 
but  without  success,  because  it  would  not  coke,  and  was  also  diffi- 
cult to  ignite.  Mr.  Crane  has  fortunately  discovertfl.  that  by  em- 
ploy ing  what  is  called  the  hot  blast,  or  a  current  of  air  at  a  high 
temperature,  the  culm  burned  freely  in  the  fvimace,  and  answerad 
better  than  the  coke  from  bituminous  ooaL  It  also  produced  iron 
of  a  superior  ouality,  but  what  is  more  remarkable  and  importanty 
Mr.  Crane  haa  during  three  months  obtained,  on  the  average,  one 
ton  of  iron  from  the  consumption  of  only  twenty-seven  cwt.  of 
culm,  whereas  it  re(]uired  from  Hve  to  six  tons  of  bituminous  coal 
to  produce  the  same  quantity  ot  nun. 

Dr.  Thompson,  in  a  valuable  paper,  read  at  the  same  meeting,  on 
the  effects  of  the  hot  and  cold  blast,  as  applied  to  the  iroo  fumaoea 
of  Scotland,  stated  that,  by  introducing  the  hot  Mast,  bituminotis 
coal  might  be  used  without  cokeing,  and  that  a  ton  of  iron  oould 
be  produced  by  2  tons  n>  cwt,  of  coal,  which  will  be  a  saving  of 
more  than  three  tons  for  every  ton  of  iron  obtained.  If  the  use  of 
the  hot  blast  is  found  every  where  to  succeed,  the  consumption  of 
coal  in  the  iron  furnaces  wiil  be  reduced  one  half.  It  may,  how- 
ever, be  doubted  whether  this  reduction  will  equal  the  increasing 
demand  for  coal  for  steam  vessels  and  railroad  carrii^ges,  and  the 
various  manu^tures  of  Great  Britain. 


Section  of  a  Coal  Mine  on  Ashby  Wolds. 

The  following  section  was  given  me  by  Mr.  Woodhouse,  the 
engineer  to  tlie  mines  of  the  Marquis  of  Hastings,  wlio  liad  carefully 
inspected  and  measured  eadi  stratum,  when  the  shafl  was  sunk. 
This  mine  was  the  deepest  that  had  then,  (1812)  been  worlaed  on 
the  estate :  since  that  date  a  deeper  mine  has  been  sunk  to  the 
same  bed  in  another  part  of  the  field.  An  account  of  this  coal- 
field has  been  recently  published  by  the  late  Mr.  Mammott,  who 
became  principal  agent  for  the  marquis  at  the  time  I  was  examin- 
ing the  property.  Mr.  M.  has  careftilly  and  correctly  described 
the  particulars  of  this  coal-field,  but  it  does  not  appear  that  any 
new  ikcts  rekitinjg;  to  it  have  been  discovered  since  I  was  there, 
except  that  two  lower  beds  of  workable  coal  have  been  found  under 
the  main  coal. 

The  subject  to  which  I  wish  to  direct  the  attention  of  the  reader 
in  the  lolloning  section  is,  the  frequent  recurrence  of  similar  beds 
of  equal  thickness  at  different  depths.  If  ever  we  arrive  at  just 
conclusions  respecting  the  origin  of  coal  and  ironstone,  it  must  be 
by  an  accurate  examination  of  the  strata  in  which  they  occur,  and 
the  relation  of  these  strata  to  each  other;  an  investigation  hitherto 
inuch  neglected  by  geologists^ 
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Tabular  Section  ow  trb  Moira  Coal  Mihk,  Ashby  Wolds, 

Lbicestbbsri  bb. 


Yds. 


10 


Soil  and  Clay 

1  f  Blue  pluncbwith 
1^  ironstone 

Coal 
lilue  bind 
Stony  bind 
Grey  stone 
Stony  bind 
Grey  stone 
Blue  bind 
Grey  stone 
Rubly  bind 
'  Blue  bind 
Black  bat 

2  r  Black  bind  witb 
\    ironstone  - 

Coal 
Blue  bind 
Black  bat  and 

black  bind  • 
Stony  bind 
Blue  bind  io  two 

bcfls  - 
Black  hat 
Blue  bind 
4j  r  Ironstone 
^  I  Blue  bind 
.  f  Ironstone 
*|  Blue  bind 
Ironstone 
Blue  bind 
Ironstone 
Blue  bind 

Ironstone  • 
^lue  bind 
'  Ironstone 
Blue  bind 
Coal 

Blue  bind  in  two 

beds  -  •  9 

Stony  bind  -  1 

Orc}'  stone  -  3 

Blue  bind  -  0 

Ironstone  -  0 

Blue  bind  -  0 

Ironstone  -  0 


7- 


8 


1 
0 
1 
0 
0 

1 

0 
3 
0 
0 
4 
0 

1 

0 
3 

0 
2 

6 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 


Fu  In. 

0  0 

2  5 

1  6 

0  0 

1  2 


0 
0 

1 

2 


0 
2 


4 

9 

9 

H 


1  1 

2  0 


0 
0 


1  0 

1  5 

1  0 

2  9 
2  6 

1  0 

2  0 
0  0 

0  I 

1  6 

0  1 

1  6 

0  1 

1  6 

0  I 

1  6 

0  1 

1  6 
0  1 
9  0 
0  0 

0  0 

1  0 

0  0 

1  6 

0  2 

1  6 
0  2 

O 


Yds. 

Ft. 

In. 

1  1 

'  Blue  bind 

0 

1 

6 

Ironstone  • 

0 

0 

2 

i  Z  ■ 

Blue  bind  • 

0 

1 

6 

^Ironstone  • 

0 

0 

2 

19  - 

Blue  bind  • 

0 

1 

6 

Iroiiistune 
'  Blue  bind 
Ironstone 

0 

0 

2 

lit ' 

0 
0 

1 

0 

6 
2 

Blue  bind 

1 

2 

9 

15 

Ironstone  « 

0 

0 

^ 

Black  bind 

1 

1 

6 

Blue  bind 

0 

1 

6 

Coal 

1 

0 

0 

Blue  and  black 

bind  • 

4 

2 

0 

Dark  stone 

5 

2 

2 

Black  bat 

0 

2 

6 

Grey  stone 

1 

1 

5 

Stony  bind 

1 

0 

0 

Grey  stone 

1 

2 

4 

Black  bat 

S 

0 

2 

■  I'lue  bind  witb 

balls  of  iron- 

l_    stone  -       -    3  2  1 
Black  bat       -    1  0  0 
Coal     -      -    1  0  4 
'  Gray  stone     -  10  0  0 
fBlitflKbitid      -  0  4  10 
\  Ironstone       -    0  0  2 
Blue  and  black 
bind  alternat- 
ing    -      -   6  0  9 
Coal     •  .019 

Rubly  bind  with 

ironstone  balls  2  12 

Blue  bind       -    S  0  0 

Rubly  bind     -    2  0  0 

Black  bind      -    I  1 

Blue  bind       -    J  2 

ironitone       -  0  0 

Black  bind  -  0  2 
Blue  bind  •12 

Black  bind      -    0  2 

Coal  -  -  0  2 
Stony  bind  -30 

Blye  Und  '    •  3  u 


6 
4 
2 
0 
0 
0 
0 
3 
8 
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7dt.  Ft.  In. 

Black  bind  >with 

coal 

- 

1 

1 

6 

Stony  bind 

m 

3 

0 

10 

Coal 

m 

1 

0 

8 

Stony  bind 

m 

0 

1 

6 

White  stone 

m 

S 

0. 

0 

Stony  bind 

m 

5 

0 

9 

Blue  bind 

? 

2 

10 

Ironstone 

m 

0 

0 

2 

Blue  bind 

m 

2 

2 

0 

Ironstone 

m 

0 

0 

2 

Blue  bind 

m 

1 

2 

6 

Grey  stone 

0 

I 

6 

Rubly  itone 

3 

0 

0 

Grey  stone 

2 

0 

0 

Blue  bind  and 

ironstone 

m 

1 

1 

0 

Coal  - 

m 

1 

• 

1 

0 

Stony  bind  with,  a 

little  ironstone 

4 

0 

0 

Blue  bind 

m 

0 

1 

6 

Kubly  stone 

m 

1 

0 

0 

Stony  bind  and 

grey  stoue 

m 

6 

1 

6 

Yds.  Fu  In. 


Stony  bind 

1 

2 

2 

Kennel  Coal 

0 

2 

10 

"  Ironstone 

0 

0 

Blue  bind 

I 

0 

0 

22. 

*  Ironstone 

0 

0 

2 

Blue  bind 

0 

1 

6 

23- 

^  Ironstone  ^ 

0 

0 

3 

Blue  bind 

0 

1 

6 

94. . 

■  Ironstone 

0 

0 

2 

Blue  bind 

1 

2 

1 

25^ 

1  Black  ironbtonc 

0 

0 

6 

[  Black  bind  - 

0 

1 

6 

2G 

Ironstone 

0 

0 

8 

27J 

r  Blue  bind  with  a 

I     little  ironstone  6 

^ 

3 

Black  bind  with 

ditto  - 

6 

2 

S 

Bkie  bbd,  iron* 
stone  balls  - 

6 

1 

0 

r  Rider,  a  roof  of 

1  coal 

1 

1 

0 

1  l^pcr  main  coal 

1 

0 

9 

1  Main  coal 

3 

1 

0 

The  aggregate  Uiickncss  of  the  strata  above  the  main  coal  iii 
this  mine  is  wont  220  yards,  though  from  the  beaiD<^aped  form 
of  the  beds,  the  same  coal  rises  to  the  surface  at  about  three  miles 
distant  from  the  pit.  At  the  Hastings  mine,  recently  opened,  the 
main  coal  is  3.'U)  yards  from  the  surface,  and  ou  borinj:^  ninety- 
six  feet  below  this,  tjvo  other  beds  of  coal,  each  about  three  feet 
thick,  have  been  fovmd.  The  depth  of  the  lowest  bed  is  372  yards, 
though  in  the  centre  of  England,  it  is  280  yards  below  the  level  of 
the  sea,  aa  ascertained  bvthe  levels  of  the  Oxford  canal,  whidipasaea 
over  part  of  this  coal-field.  In  the  mine  of  which  the  above  tabular 
section  is  given,  there  are  about  I  SO  distinct  strata,  comprising  ten 
beds  of  coal,  and  twenty  seams  of  ironstone  and  strata  contaming 
ironstone.  Tlie  main  coal  is  from  thirteen  to  fourteen  feet  in  thick- 
ness, containing  twenty  searas  of  coal  of  different  qualities.  The 
lower  seven  seams  are  about  ,  six  feet  in  thickness ;  they  are  not 
worked  at  present,  but  one  of  the  seams  is  sufficiently  hsord  to  form 
a  roof  whenever  tlie  coal  above  it  is  worked  out.  The  props  or  sup* 
ports  of  the  present  roof  will  then  be  taken  away,  and  the  whole 
upper  strata  will  gradually  sink  down.  There  is  scarcely  any 
water  in  this  mine,  and  what  is  found  tlitre  is  saline,  containing 
common  salt  nearly  pure :  it  issues  from  the  tissures  in  the  coal 
with  a  hissing  noise,  being  accompanied  widi  carburetted  hydro- 
gen (fire-damp).  AH  the  beds  of  coal  rest  upon  what  is  called 
.  bind,  which  ia  an  argillaceous  shale,  more  or  less  indurated,  some- 
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times  ooloiired  black  bv  bitumen,  and  flometimes  intermixed  with 

fand  retembling  sandstone)  but  generally  decomposing  into  a 
clayey  soil  (lil^e  the  blue  and  black  binds)f  on  exposure  to  the  at- 
mosphere. 

The  recurrence  of  frequent  alternations  of  seams  of  ironstone 
vith  thin  beds  of  blue  bind,  each  alteniatton  preserving  the  tame 
thickness,  it  a  circumslance  well  deserving  attention,  as  it  indicates 

a  periodical  succession  of  causes  probably  dependant  on  the  seasons. 

There  are  a  few  beds  in  this  coal-fichl  called  rubh/  or  rumilly  by 
the  miners;  they  consist  of  loose  materials  and  fragments,  which 
indicate  tliat  they  were  transported  during  a  violent  and  agitated 

condition  of  the  water.  Moat  of  the  other  beds  have  evidently 
been  slowly  deposited  in  a  very  tianquil  state  of  a  lake  or  eituary. 
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CHAP.  IX. 

ON  THE  GENERAL  REMOVAL  AND  DISAPPEARANCE 
OF  THE  COAL  STRATA  RAISED  BY  FAULTS  ABOVE 
THE  SURFACE  OF  THE  GROUND.  ^  PROBABLE 
CAUSES  OF  THIS  REMARKABLE  PHENOMENON.  — 
ON  FAULTS  AND  HSSURES  [BEYOND  THE  LIMITS 
OF  THE  COAL  DISTRICTS. 

•  • 

The  strata,  or  measures  as  they  are  called  by  coal 
miners,  that  compose  the  great  coal  ibrniation,  pre- 
sent to  our  notice  some  facts,  wliich  have  not  hitherto 
received  from  treolomsts  due  attention  :  thev  relate 
to  inquiries  of  the  highest  interest  in  the  ancient 
history  of  the  crust  of  our  planet. 

In  the  last  chapter  a  brief  account  was  given  of  the 
faults  or  breaks  that  occur  in  coal.strata,  and  oflen 
throw  up  or  cast  down  the  beds  of  coal  on  one  side 
of  the  faulty  many  hundred  feet  or  yards  above  or 
below  the  level  at  which  they  are  found  on  the  other 
side.  This  displacement  of  the  coal-strata  by  faults 
is  represented  in  Plate  IV.  fig.  2  F  and  fig.  3  d. 

The  most  remarkable  circumstance  relating  to 
faults  in  coal  strata  remains  to  be  described. 

However  great  may  be  the  uprise  or  the  downcast 
of  the  strata  on  one  side  of  a  fault,  no  indication  of 
any  disturbance  is  visible  on  the  surface.  A  mass  of 
upraised  strata  of  many  hundred  feet  in  thickness, 
has  by  some  unknown  cause  been  carried  away,  and 
has  entirely  disappeared.  The  fact  is  general,  and 
though  it  may  truly  be  regarded  as  the  most  sur- 
prising geological  phenomenon,  >  et  like  many  other 
phenomena  in  nature  of  constant  occurrence,  it  has 
scarcely  excited  attention.  I  propose  in  llie  present 
chapter  to  show  that  a  fact  so  general  cannot  be 
explained,  except  by  a  general  cause,  acting  under 
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the  same  circumstances  or  conditions  in  the  different 
coal  fields  at  the  period  or  periods  when  tiie  strata 
were  disturbed. 

!No  doubt,  similar  disturbances  have  taken  place  in 
the  strata  below  as  well  as  above  the  great  coal 
fbnnation»  but  we  have  Httle  accurate  knowledge  of 
them^  beyond  the  limits  of  mining  operations.  I 
shall  therefore  at  first  confine  my  inquiries  to  our 
known  coal-fields,  and  shall  afterwards  ofier  some 
observations  on  the  faults  and  fissures  that  extend 
beyond  the  coal  formation,  as  some  of  the  latter  have 
evidently  modified  the  present  surface  ofMslands  and 
continents,  but  the  disturbance  produced  by  faults 
in  the  coal  strata,  is  no  where  visible  on  the  surface. 
If  this  be,  as  I  have  before  stated  the  most  surprising 
fact  that  geology  presents,  an  exposition  of  it  and 
of  its  probable  cause  cannot  be  misplaced  in  an 
elementary  work,  particularly  as  I  hold  it  to  be  some 
reproach  to  geologists,  that  the  subject  has  been 
hitherto  neglected  or' slurred  over.* 

•  Whatever  blame  may  attach  to  geologists,  for  neglecting  or 
passing  over  a  fact  of  so  much  importance  as  the  disappearance  of 
the  upraised  strata  in  coal  districts,  I  am  ready  to  acknowledge 
that  a  full  portion  of  this  blame  attaches  to  myself.  When  I  first 
became  acquainted  with  the  fkct,  nearly  thirty  years  aince,  I  could 
not  believe  that  it  waa  of  general  occurrence^  and  I  afterwards 
satisfied  myself,  like  others,  in  calling  the  removal  a  case  of  denud- 
ation. In  the  fourth  edition  of  this  work,  in  1833,  I  stated  that 
"  the  upraised  strata  were  sometimes  removed."  On  reading  Mr. 
Mammott's  account  of  the  Ashby-de-la-Zouch  coal-field,  since  pub- 
lished, and  recollecting  my  impressions  when  I  examined  the  same 
coal-field  with  him,  twenty-five  years  since,  I  was  surprised  to  observe 
how  inadequate  was.  the  cause  assigned  by  him  for  the  removal 
of  the  strata,  either  in  dits  coal-field  or  any  other  in  Great  Britain; 
and  this  led  roe  to  investigate  the  subject  with  more  attention. 
Mr.  Mammott  supposes  that  water  has  flowed  violently  over  the 
sur&oe  of  the  land,  and  carried  away  the  upraised  strata. 
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The  annexed  cut  will  suffice  to  explain  what  is 

meant  by  the  disappearance  of  the  upraised  strata. 
It  represents  the  section  of  a  coal-tiekl  several  miles 
in  extent,  divided  into  four  compartments  a,  b,  c,  d, 
by  faults,  which  have  raised  tiie  strata  to  different 
depths  from  the  surface.    In  the  })art  of  the  field  a, 
the  main  bed  of  coal  x  is  900  feet  ironi  the  surfiice 
and  is  covered  by  various  strata  of  sandstone  and 
shale  No.  1»     S,  &c.   In  compartment  b  the  same 
bed  of  main  coal  x  is  raised  to  within  200  feet  of  the 
surface,  and  the  strata  above  are  entirely  wanting* 
In  the  compartment  c,  the  main  coal  x,  is  700  feet 
from  the  surface,  and  the  strata  No.  2.  is  found 
again  over  the  coal.    In  compartment  d  the  main 
coal  is  brought  within  '2.50  feet  of  the  surface,  and 
only  a  part  of  the  strata  No.  3.  occurs.    In  the  com- 
partment B,  the  strata  have  been  elevated  700  feet, 
and  we  might  expect  to  see  a  corresponding  eleva- 
tion of  the  ground  on  that  side  of  the  fault,  as  repre- 
sented by  the  dotted  line  at  o  o,  and  that  the  whole 
series  of  strata  would  form  a  hill  700  feet  in  height 
whereas  the  sur&ce  of  the  ground  over  compartment 
A  and  B  presents  no  indication  of  any  dblocation  or 
upheaving  of  the  beds.  Over  compartment  c»  repre- 
senting a  depression  of  coal  strata  500  feet  below  the 
level  of  the  same  strata  in  compartineiit  i5,  we  might 
expect  to  meet  with  a  valley  or  depression  of  that 
depth  on  the  surface,  as  at  p  p,  but  the  surface  on 
both  sides  of  the  fault  is  on  the  same  level.  Again, 
in  that  part  of  the  coal-field  at  d,  the  strata  have 
been  raised  650  feet,  and  the  main  coal  is  brought 
within  ^0  feet  of  the  surface,  but  here  also  no 
change  of  level  takes  place  in  the  present  outline  ot' 
the  country. 

In  all  coal-fields  that  we  have  any  knowledge  of, 

where  the  strata  are  raised  or  depressed  by  faults, 

whether  tlie  elevation  or  dej)ression  be  some  hundred 
feet  or  yards,  the  surface  of  the  ground,  like  tiiat 
in  the  annexed  section,  bears  no  correspondence  with 
the  elevation  or  depressiou  oi'  the  beds  uuderneatli* 
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Every  rent  or  fissure  that  canses  a  dislocation  of 

the  strata  may  be  called  a  fault :  but  fissures  ftlled 
with  metallic  ores,  and  crystallised  mineral  matter, 
are  generally  denoniiiiated  veins.  The  faults  that 
intersect  coal-fields  are  sometimes  filled  with  basalt, 
and  arc  called  basaltic  dykes  ;  more  frequently  faults 
are  filled  with  cla^,  sandstone,  sand,  and  fragments  of 
stone.  In  some  instances,  the  sides  of  faults  are  in 
close  contact,  and  present  smooth  polished  surfaces, 
evidently  occasioned  by  the  friction  of  the  ends  of 
the  strata,  grinding  against  each  other,  at  the  time 
when  they  were  fractured  and  displaced.  This  fact 
indicates,  that  the  upheaving  of  the  strata  near  such 
a  fault  was  effected  by  a  sudden  movcnuiit,  like 
what  takes  place  during  violent  earthquakes,  but 
sucii  earthquakes  on  land  often  leave  permanent  cliffs 
and  terraces,  as  proofs  of  the  violence  of  their  action. 

Faults  in  the  strata,  if  of  great  extent  or  depth, 
appear  to  have  been  made  by  an  expansive  force 
from  beneath,  opening  a  passage  for  aqueous  vapour, 
or  some  elastic  gas  or  for  melted  mineral  matter, 
which  has  immediately  flowed  into  the  fissure  and 
sometimes  poured  over  the  surface,  like  beds  of  lava 
formed  at  present  in  volcanic  districts.  The  faults 
filled  by  the  ejection  of  melted  mineral  matter,  tbrm 
basaltic  or  trap  dykes,  which  will  be  more  fully 
noticed  in  the  following  chapter.  The  faults  coii- 
tiiining  clay,  or  sand  or  fragments,  have  most  pro- 
bably been  filled  soon  after  they  were  opened,  by 
the  descent  of  water  mixed  with  mud,  sand,  and 
fragments  of  stone,  for  I  consider  it  almost  certain, 
that  most  of  the  faults  in  coal  strata  were  opened, 
when  the  strata  were  submerged  under  the  ocean, 
or  in  deep  lakes.  The  fitults  sometimes  cut  the 
strata  in  the  line  of  dip^  sometimes  in  that  of  the 
line  q/  lfcari fig  *,  and  frequently  in  lines  diagonal  to 
both  the  dip  and  bearing  of  the  strata,  crossing  the 
coal-fields- in  various  directions,  and  intei  secting  each 
other.  The  intersection  of  faults  in  a  coal-field,  has 
been  not  unaptly  compared  by  Mr.  Williams,  to  the 

•  Seep.65. 
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lines  and  intersections  produced  by  the  disruption  of 
a  sheet  of  ice,  the  lines  of  fracture  crossing  each 
other  at  difterent  angles.*  It  is  remark?ible  that 
Mr.  Williams,  who  was  a  practical  miner,  takes  no 
notice  of  the  removal  of  the  upraised  strata  in  any 
part  of  his  work.  Indeed  he  has  fallen  into  some 
unaccountable  mistakes  respecting  faults^  for  he  says 
broad  faults  seldom  occasion  much  disturbance  of 
the  strata.  ^ 

Dr.  Buckland,  In  his  valuable  Bridgwater  Treatise, 
also  compares  a  coal-field  intersected  by  dykes,  to  a 
broken  sheet  of  ice,  but  lie  omits  the  extraordinary 
fact — the  entire  disappearance  of  the  upraised  strata. 

**  If  (says  he)  we  suppose  a  thick  sheet  of  ice  to 
be  broken  into  iragnients  of  irregular  area,  and  these 
fragments  again  united,  after  receiving  a  sh'ght 
d^ree  of  irregular  inclination  to  the  plane  of  the 
original  sheet,  the  reunited  fragments  <rf*  ice  will 
represent  the  appearance  of  the  broken  masses  or 
sheets  of  coal  measure  we  are  describiiig.  The 
intervening  portions  of  more  recent  ice,  by  which 
they  are  licld  together,  represent  the  chiy  and  rub- 
bish tliat  fill  tiie  faults,  and  form  the  partition  walls 
that  insulate  these  adjacent  portions  of  strata,  which 
were  originally  formed,  like  the  sheet  of  ice  in  one 
continuous  plane." — Bridgwater  Treatise,  p.  04-3. 

A  broken  sheet  of  ice,  subsequently  united  by  fresh 
ice  formed  between  the  fractures,  offers  a  good  illus- 
tratioo  of  the  direction  of  the  faults  intersecting  coal 
strata,  but  the  comparisoQ  holds  good  no  fartlier ; 
for  two  important  conditions  of  the  present  coal-fields 
are  left  unnoticed  in  this  comparison :  first,  the  dis- 
aj)pcarance  of  tlic  upraised  })ortions  of  the  beds  ; 
and,  secondly,  the  present  surface  of  a  coal-field 
is  not  a  plane,  but  rises  into  hills,  and  sinks  into 
valleys,  which  bear  no  regular  conformity  to  the 
inclination  or  elevation  of  the  planes  of  tlie  coal 
measures  under  the  surface. 

•  fnOkmia  MiMMl  Kingdom, 
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M.  de  la  Beche  says,  **  the  line  of  faults  runs  in 
the  direction  of  valleys/'  It  may  be  so  in  some  situ* 

ations,  but  it  is  not  the  case  in  the  coal  districts, 
where  faults  luivc  been  most  acciiratelv  traced.  The 
lines  of  fault  cross  in  all  directions,  running  through 
the  valleys  transversely,  and  cutting  througii  the  hills 
on  each  side.  Faults  crossint]^  valleys,  and  the  rivers 
that  run  through  them,  if"  tilled  with  basalt,  often 
form  fords  and  wears,  which  rise  above  the  water,  the 
basalt  being  harder  than  the  Btrata  w  hich  it  intersects. 

Besides  the  upheaving  of  the  strata  by  faults 
vertically,  they  sometimes  occasion  a  lateral  displace- 
ment of  the  ground.  Suppose  a  mass  of  basalt  some 
hundred  feet  in  thickness,  to  be  suddenly  forced 
through  the  strata  along  a  line  running  north  or 
south.  If  the  strata  in  such  cases  are  not  tilled  up, 
they  must  be  pushed  in  a  direction  east  or  west :  but 
as  the  distant  ground  offers  a  resistance  to  such  a 
motion,  the  strata  must  cither  be  broken  in  a  zigzag 
form  or  be  bent  into  curves.  Instances  of  a  zigzag 
position  of  the  strata  are  somi  times  met  witli  in  coal- 
fields. In  the  transition  rocks,  the  beds  are  fre- 
quently folded  into  deep  curves  by  a  lateral  force, 
which  has  been  opposed  by  the  resistance  of  adjacent 
rocks.  The  lateral  protrusion  of  rocksy  sometimes 
displaces  the  adjacent  beds,  over  a  great  extent  of 
country.  A  lateral  displacement  may  also  be  caused 
by  a  sudden  explosion  or  eruption  of  subterranean 
vapour,  which  may  form  vast  chasms  that  may  be 
afterwards  filled  with  sand,  and  fragments,  by  de- 
scending water.  In  this  manner  some  of  the  wide 
ftults  in  coal-fields  appear  to  have  been  formed. 

The  most  remarkable  instance  of  coal  strata  being 
compressed  in  zigzag  directions  by  a  lateral  force, 
that  has  hitherto  been  noticed,  is  at  Anzim  near 
Valenciennes  in  France.  The  annexed  section  given 
by  M.  M.  Alexander  Brogniart,  will  sufficiently  ex- 
plain tlic  zii^zng  position  of  the  coal  strata.  The 
upper  secondary  strata  of  chalk  and  marl  a  a  which 
)ie  horizontally  upon  the  zigzag  beds,  show  that  the 
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upraised  portion  of  the  coal  strata  were  removed, 
before  the  beds  of  chalk  and  marl  were  deposited. 


Various  instances  of  the  overJaping  and  contor* 
tions  of  coal  strata  from  lateral  compression,  occur 
in  some  of  the  coal-fields  of  England  and  Scotland. 
It  18  not,  however,  such  lateral  displacements  or  their 
causes,  that  form  the  subject  of  the  present  chapter. 
—  My  object  is  to  direct  the  attention  of  the  geologist 
to  tlie  vertical  displacement  qi  uplieaving  of  the  coal 
strata  by  faults,  and  to  the  cause  which  has  removed 
and  carried  away  the  uplieaved  strata  ;  so  completely, 
that  no  trace  or  vestige  of  them  is  visible  on  the  sur- 
face. This  fact  is  general,  if  not  universal ;  it  is 
admitted  by  Martin  in  his  account  of  the  great  coal 
basin  in  South  Wales :  it  is  expressly  stated  by  Mr, 
Mammott  in  his  account  of  the  faults  in  the  Ashby- 
de-]a*Zouch  coal :  it  is  mentioned  by  Mn  Farey  in 
hisaccount  of  the  Derbyshire  coal-fields,  and  he  calls 
this  disappearance  of  the  upraised  strata,  the  most 
surprising  geological  phenomenon.* 

•  Mr.  Farey,  after  describing  various  cases  of  displacement  of 
the  strata  by  faults,  adds' — **  I  proceed  to  notice  one  of  the  most 
carious  and  Itnportant  phenomena  which  the  earth's  surface  pre* 
seals,  viz.  that  though  the  strata  ere  as  it  were  tossed  and  turned 
about  in  all  degrees  of  the  several  cases  above  mentioned,  as 
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I  know  of  no  instance  that  has  fallen  under  my 
own  observation,  in  any  part  of  England  and  Wales* 

where  the  upraised  strata  in  a  coal-field  are  to  be 
traced  on  the  surrace  ;  and  an  eminent  geologist, 
who  has  paid  particular  attention  to  the  coal-Helds 
ill  the  vycstcni,  midland,  and  northern  districts  in- 
Ibrnis  nie,  that  lie  is  not  acquainted  with  any  case, 
in  which  a  terrace  formed  bv  the  upraising  of  the 
coal  can  be  seen,  though  he  thinks  he  has  heard  of 
such  instances,  but  he  cannot  recollect  where.* 
This  may  suffice  to  show  that  the  disappearance  of 
the  upraised  strata  on  one  side  of  a  fault,  in  coal- 
fields, is  a  general  fact ;  though  it  is  possible  that 
some  exce})tions  may  be  discovered. 

No  geologist  that  1  know  of,  has  yet  offered  any 
explanation  of  tlie  cause  of  this  removal,  except  the 
vague  supposition  of  diluvial  cunerits,  sweeping 
over  the  surface  of  the  land.  I  am,  however,  in- 
clined to  believe  that  a  very  simple  and  satisfactory 
explanation  may  be  given,  without  the  aid  of  any 
hypothetical  assumptions,  but  founded  on  admitted 
facts»  which  have  not  hitherto  been  sufficiently 
re^rded. 

The  principal  known  geological  facts  relating  to 

the  coal  formation,  and  the  legitimate  inductions 
from  them  may,  in  connection  with  the  present 
in(juiry,  be  arranged  under  the  i'ollowiug  heads:  — 

1.  The  series  of  strata  in  England  and  Wales, 
called  collectively  the  irreat  coal  formation,  com- 
monly rests  upon  or  covers  marine  strata,  chiedy  the 
upper  transition  or  mountain  limestone. 

miners  and  colliers  in  particular  can  testify,  yet  that  it  is  extremely 
rare  to  find  a  lifted  edge  or  corner  of  strata  standing  up  above  the 
general  surface,  or  occasioning  a  precipice  or  clifF."  I-'an  t/'s  Dcrhy- 
shire  J  12H.  In  a  note  to  the  same  passage  he  adds,  that  oAcr  a 
carefbl  examination  of  the  numeroiu  clifis  and  mural  precipices  in 
Derbyshire,  and  other  rocky  districta,  he  finds  few,  if  any,  of  then» 
**  are  owing  to  faults,  but  the  matter  has  been  excavatca  and  car- 
ried off,  which  occasions  the  valley  or  plain  at  the  bottom  of  the 
cliff." 

•  Professor  Seilgwick. 
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■ 

9.  The  coal  strata,  to  a  vast  depth,  contain  ex- 

cliisively  the  remains  of  terrestrial  or  of  freshwater 
plants  or  animals;  hence  it  may  be  inferred,  that 
such  strata  are  of  freshwater  Ibrmation,  though 
some  of  the  lower  beds  in  certain  districts  contain 
occasionally  an  intermixture  of  marine  shells. 

3.  The  coal  strata  appear  generally  to  have  been 
deposited  in  tranquil  water;  a  few  beds  only  present 
indications  of  having  been  transported  from  a  distance 
by  violent  currents^ 

4.  The  coal  strata,  after  their  deposition  in  inland 
lakes  or  estuaries,  subsided  and  were  submerged  in 
llic  ocean,  and  were  covered  in  many  parts  by  marine 
strata,  particularly  by  tlie  magnesian  limestone,  here- 
after to  be  described. 

5.  The  faults  that  dislocate  the  coal  strata,  were  in 
some  instances  formed  before  the  deposition  of  the 
upper  marine  strata :  other  faults  were  formed  at  a 
subsequent  epoch,  after  the  deposition  of  the  marine 
strata;  but  in  both  cases  it  may  be  inferred,  that  the 
strata  were  beneath  the  sea,  when  the  dislocation  by 
iaults  took  place. 

6.  At  a  later  period,  the  coal  stiala  and  the  upper 
marine  limestone,  by  which  they  are  in  some  parts 
covered,  were  raised  above  the  level  of  the  sea,  and 
form  a  portion  of  the  present  land. 

The  first  of  these  positions  is  admitted  by  all  English 
geologists.  The  second,  tiiird,  and  fourth  are  as 
susceptible  of  proof,  as  any  geological  inductions 
from  acknowledged  fiicts.  The  fiflli  and  sixth  admit 
of  direct  proof* 

In  confirmation  of  the  second  position,  if  the  con- 
atant  occurrence  of  terrestrial  and  freshwater  organic 
remains  exclusively,  through  a  series  of  strata  more 
than  fifteen  iunidred  feet  in  thickness,  be  not  ad- 
mitted as  evidence  of  a  freshwater  formation,  we  can 
have  no  proof  of  tiie  freshwater  formation  of  the 
Wealden  beds,  or  of  any  strata  in  the  Paris  basin  or 
elsewhere. 

In  the  Yorkshire  and  Derbyshire  coal  fields  there 
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are  proofs  of  a  freshwater  fbrmattoii)  which  the 

strata  of  the  Paris  basin  do  not  afford.  Extensive 
beds,  called  nnmlehind  occur  in  the  middle  of  those 
coal  fields.    11  icy  consist  of  dark  indurated  clay, 
61led  with   shells  of  freshwater  muscles  (unios), 
evidently  occupying  the  native  bed  of  mud  or  clay, 
in  which  the  muscles  lived  and  died*   It  is  clear 
that  these  shells  are  in  their  natural  position,  and 
have  not  been  drifted  f!k*oin  a  distance^*    It  woidd 
be  impossible  to  bring  more  convincing  evidence  of 
a  freshwater  formation  \  and  when  we  mid  the  strata, 
above  and  below  the  musclebind,  filled  with  reouuitt 
of  terrestrial  or  marsh  plants  exclusively,  the  frcslv 
water  origin  of  such  strata  is  also  abundantly  maniiest. 
They  were,  it  is  highly  probable,  depositeil  in 
water  lakes  or  estuaries,  surrounded  by  the  luxuriant 
veget«ation  of  the  ancient  world.    It  is  true  that 
marine  shells  occur  in  some  of  the  lower  beds  of  the 
coal  formation,  in  the  west  riding  of  Yorkshire,  and  in 
Shropshire.  The  lowest  beds  of  the  Durham  coal  field 
ako  sometimes  alternate  with  lime8toiie»  supposed 
to  be  marine  \  in  such  cases  we  must  admits  thst  the 
sea  had  occasional  access  to  the  lake  or  estuarv  io 
which  the  coal  strata  were  deposited  ;  bui  the  upper 
strata,  a  thousand  feet  or  more  in  thickness,  contain 
only  remains  of  terrestrial  or  freshwater  plants  and 
animals.    Nor  are  we  yet  certain,  whether  all  the 
limestone  strata  alternating  witli  tiie  lowest  coal  beds, 
are  marine  or  fi'eshwater. 

The  limestone  below  the  coal  stiuta  at  fiimfie 
house  near  Edinburgh,  supposed  to  be  marine,  is 
now  stated  to  be  a  freshwater  fonnataoo»  aflbfdiog 

•  The  bed  of  musclcbiiid,  thou^Mi  extensively  spread,  can  rarely 
f»c  seen  in  the  coal  mines,  except  h  licn  it  is  cut  through  in  sinking 
a  shafV^  Its  outcrop  is  seldom  noticeable  on  the  surface,  as,  like 
other  beds  of  indurated  cla^,  it  speedily  disintegrates  on  expOMre 
to  the  atmosphere.  There  is  a  6ne  outcrop  of  this  bed  on  the  side 
of  a  hin  south  of  the  river  Calder,  opposite  to  Shepley  bridge,  near 
Dcwsbtiry,  in  the  weftt  riding  of  Yorlnhire,  which  I  eKtinined 
in  1614* 
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Additional  proof,  that  the  coal  strata  above  hi  co»* 

taining  nemains  of  land  plants,  are  freshwater  foriii- 

atious.  Perhaps,  by  farther  Jiiv estigation,  it  may  be 
tliscovered  that  the  limestone  wliich  is  interstratified 
with  the  lowest  beds  of  coal  in  the  north  of  England, 
is,  in  some  instances  at  least,  fresliwater  limestone. 

If  the  strata  of  the  great  coal  formation  were  de^ 
posited  in  lakes,  the  surface  of  these  lakes  must  bavo 
generally  been  somewhat  above  the  level  of  the  sea. 
It  is  important  to  bear  this  in  mind,  because  if  ad« 
mtttad,  it  affords  a  decisive  proof,  that  after  the  depo^ 
sition  of  the  coal  strata,  these  strata,  and  the  circum* 
jacent  land  subsided,  and  became  dee])ly  submerged 
under  the  ocean,  where  they  remained,  until  they 
were  covered  with  the  thick  beds  of  marine  lime- 
stone, under  which  they  are  found  in  many  parts  of 
England.  If  we  could  prove  that  tlie  coiil  strata 
were  formed  by  materials  drifted  from  Uie  land  into 
the  sea,  the  necessity  for  this  submergence  would  be 
avoided;  but  the  exclusive  remains  of  terrestrial  and 
fieahwater  plants  and  animal!^  indicate  that  this  could  ^ 
not  have  been  the  case»  A  successive  series  of  ex- 
tremely thin  strata  of  iron-stone  and  clay,  often  coo* 
tain  perfect  and  delicate  remains  of  plants  or  animals, 
which  prove  that  they  were  clej)osited  in  tranquil 
water.  They  present  a  very  different  appearance 
from  that  which  would  have  resulted  from  violent 
transporting  causes.  Indeed,  if  coal  itself  had  been 
iormed  ot  the  remains  of  marine  vegetation,  as  was 
formerly  maintained,  we  should  have  no  need  of  ad^ 
milting  that*ooal  districts  had  undei^ne  any  subset 
quent  submersion.  Thus,  for  instance,  the  mass>of 
marine  vegetation  at  the  bottom  of  Weymouth  bay 
might  be  supposed  to  represent  the  origin  of  a  coal 
basin  very  well  j  and  in  passing  over  it  in  the  year 
1833, 1  could  scarcely  avoid  the  conclusion,  that,  in  a 
future  condition  of  our  planet,  this  vegetation  might 
form  a  coal  stratum.  We  are  however  certain,  that 
our  present  coal  fields  are  not  foi  med  of  marine,  but 
of  terrestrial  and  freshwater  plants,  analogous  in 
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many  respects  to  the  gigantic  vegetatiou  of  tropical 
climates. 

Tliat  the  strata  of  the  coal  formation  have  been 
submcrfi^ed  under  the  ocean  is  completely  established 
by  the  occurrence  of  marine  beds  over  many  ol  our 
coal  fields.  It  is  further  proved,  that  the  iauits  \vhicb 
occur  in  coal  fields  are  of  different  ages :  some  of  them 
dislocated  the  coal  strata  before  the  marine  strata 
were  deposited  over  them,  for  the  faults  do  not  disturb 
or  displace  the  superincumbent  b^ds:  other  faults  are 
of  a  more  recent  date,  and  have  cut  through  both  the 
coal  strata  and  the  limestone  whicli  co\  crs  them. 

Plate  IV.  fig.  4.  may  serve  to  elucidate  what  has 
been  here  advanced.  Let  a  a  represent  a  section  of 
a  portion  of  a  coal  ficKl,  and  h  n  strata  of  marine 
limestone,  covering  the  coal  strata  unconformably : 
€  c  is  a  fault  which  has  elevated  the  strata  conside- 
rably on  the  side  of  the  fault  c  c.  It  may  be 
observed,  that  this  fault  does  not  penetrate  or  cut 
through  the  marine  limestone  $  it  is  therefore  obvioui^ 
that  the  fault  had  disturbed  the  coal  strata,  before 
the  strata  of  marine  limestone  were  deposited,  and 
that  the  linicstune  was  nut  formed  over  the  coal  strata, 
until  after  ail  the  broken  strata  raised  above  £  e  had 
l)een  entirely  removed  ;  whereas  the  fanlt  d  d  cuts 
thron^h  both  the  coal  strata  and  tlie  limestone,  and 
was  evidently  formed  after  the  latter  was  deposited. 
The  dislocation  of  the  limestone  strata  with  those 
of  the  coal,  by  the  fault  d  is  not  represented  in  this 
Bmall  section* 

Practical  miners,  as  well  as  geologists^  have 
generally  contemplated  the  removal  of  the  strata, 
upraisetl  by  faults,  as  having  taken  j)lace  from  the 
present  surface  of  the  land;  and  have  regarded 
the  strata  as  com])osed  of  iiard  beds  of  sandstone 
and  shale;  and  have  overlooked  the  original  con- 
dition of  these  strata,  before  they  had  been  rai^^."d 
above  the  level  of  the  sea,  and  were  indurated  by 
drainage  and  pressure.  In  their  original  state,  these 
beds  were  chiefly  composed  of  mud  and  sand, 
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tnratcd  with  vvateiv  and  tiierefbre  could  possess  but 
little  adhesion. 

In  reference  ta  this  inquiry^  it  is  most  important 
to  bear  in  mind  the  original  condition  of  the  strata 
submerged  under  the  ocean»  or  in  deep  lakes.  We 
may  form  some  idea  what  this  condition  was,  by  what 
we  may  sometimes  observe  at  the  present  day  in 
beds  of  calcarons  tiifa,  at  the  bottom  of  lakes  or 
rivers  recently  laid  dry.  Such  l)eds  oflen  yield  to  the 
pressure  of  the  hnij^er,  but  when  exposed  to  the  atmo- 
sphere they  harden,  and  form  building  stone.  Even 
the  strata  of  sandstone,  in  deep  quarries^  may  oflen 
be  crumbled  within  the  hand;  yet,  afler  long  exposure 
to  the  air,  the  same  stone  yields  with  difficulty  to  the 
chisel  of  the  mason ;  indeed,  the  soflening  power  of 
water  Is  sometimes  manifest  even  in  rocks  believed 
to  be  of  igneous  origin.  I  was  informed,  when  in 
Cornwall,  that  in  deep  quarries  of  granite,  the  stone> 
when  first  raised,  was  easily  sawn  into  slabs,  a  pro- 
perty  which  it  soon  lost  when  removed  from  tiio 
quarry. 

The  great  difference  in  the  soilness  of  sandstone 
in  its  native  bed,  even  many  hundred  feet  above  the 
level  of  the  sea,  from  that  of  the  same  stone  which 
has  long  been  laid  dry,  is  well  known ;  but  the  dii* 
ference  must  be  much  greater,  in  beds  of  stone  that 
had  never  been  above  the  level  of  the  sea ;  such 
beds,  saturated  with  moisture,  could  present  little 
resistance  to  the  agitation  of  the  occiiii,  when  they 
were  suddenly  raised  above  the  lower  submarine 
ground.  The  agitation  of  the  sea,  by  the  upheaving 
of  n  small  island  near  Santorini,  caused  such  an  im* 
mease  swell,  at  the  distance  of  eighty  miles,  that  the 
water  rose  forty-five  feet,  and  wrecked  several  vessels 
belonging  to  the  Grand  Seignor  in  the  port  of  Candia. 
An  account  of  the  violent  disturbance  of  the  sea,  oft' 
the  coast  of  Chili,  by  an  upheaving  of  the  ground  In 
1856,  will  be  subsequently  noticed. 

The  fissures  or  rents  that  intersect  coal  strata,  are 
oflen  many  miles  in  extent,  aud  of  vast  width  ;  th^ 
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gaseous  and  aqueous  vapour  that  first  rushed  tlirough 
them,  must  have  occasioned  an  agitation  of  the  ocean 
inconceivably  intense ;  and  whether  the  land  beneath 
were  raised  several  hundred  feet  in  a  few  hours,  or  a 
few  days,  the  violence  of  the  action  and  reaction  of 
the  M'ater  would  sweep  away  the  soft  and  yielding 
or  crumbling  upraised  beds  of  the  coal  strata,  which 
won  hi  offer  less  resistance,  than  a  bank  of  sand  or 
gravel  to  the  sutUlcn  rush  of  water  from  the  breaking 
down  of  the  side  of  a  reservoir.  Other  forces  were 
also  in  action.  The  enormous  concussion  bv  w  liich 
the  mass  was  driven  upwards,  must  have  shattered  and 
broken  the  beds,  when  they  were  propelled  above 
the  bottom  of  the  sea,  and  were  suddenly  removed 
iirom  the  lateral  support  of  the  beds  with  which  they 
had  been  continuous;  the  force  of  gravity  would 
further  tend  to  level  the  upraised  mass,  and  combine 
with  the  violent  agitation  of  the  water  to  break  down 
and  remove  the  yielding  materials  of  which  it  was 
composed,  and  spread  them  over  tlie  bed  of  the 
ocean.  The  effect  produced  by  the  sudden  up- 
raising  of  the  strata  by  one  fault  only,  has  hitherto 
been  considered  $  but  it  is  highly  probable,  that  seve- 
ral faults  in  the  same  coal-field  were  simultaneously 
opened ;  and  the  impetus  given  to  submarine  con- 
flicting currents,  driven  in  difierent  directions,  might 
increase  the  agitation  of  the  water  in  an  inconceiv- 
able  degree,  sufficient  to  break  down  and  tear  away 
even  the  iiardest  rocks,  when  suddenly  dissevered 
from  their  native  beds. 

An  ofiect  so  extensive  as  the  entire  disappearance 
of  the  broken  and  upraised  strata^  in  all  our  coal 
districts  that  have  hitherto  been  examined,  could 
not  be  caused  by  local  inundations  sweeping  over 
the  snrftce  of  the  land ;  for  it  may  be  asked,  why 
should  such  inundations  select  for  their  theatre  of 
action  all  the  coal  districts  in  Scotland,  England,  and 
Wales  ?  Nor  will  a  general  deluge  explain  the  dis- 
appearance of  tlie  upraised  strata  ;  because  it  can  he 
proved,  that  the  strata  were  broken  and  raised  by 
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fliults  at  different  and  remote  periods.  A  succession 
of  general  deluges  would  therefore  be  required  j  0069 
for  instance,  before  tlie  deposition  of  the  marine 
limestone  that  covered  the  coal  strata  after  tlieir 
upraised  beds  had  been  removed,  and  another  deluge 
would  be  required  to  carry  away  the  strata  raised 
by  faults  at  a  later  epoch,  afler  all  the  marine  beds 
were  deposited. 

To  conclude — The  disappearance  of  all  the  strata 
upraised  by  faults,  in  every  known  coal  district,  can, 
I  believe,  be  best  explained  by  adminiiig  the  causes 
I  have  assigned — first,  the  sott  and  yielding  condition 
of  the  submerged  strata,  that  had  never  been  indu- 
rated by  drainage ;  and,  secondly,  the  violent  action 
of  water  upon  them,  when  they  were  suddenly  broken 
and  forced  upwards,  but  were  still  beneath  ttie  sur£ure 
of  the  ocean. 

The  mountains  and  mountain  ranges,  that  occur 
beyond  the  limits  of  the  coal  districts,  may  at  first 
appear  to  oppose  what  has  been  stated  respecting  the 
disappearance  of  tiie  upraised  coal  strata, — because 
such  mountains  and  moiiiitaiii  ranges  have,  in  most 
instances,  been  raised  from  beneath  the  ocean,  and 
they  remain,  to  form  permanent  and  striking  objects 
in  the  physical  features  of  islands.and  continents:  but 
we  must  bear  in  mind  that  the  vast  extent,  magnitude^ 
and  elevation  of  great  mountain  ranges^  remove  them 
from  the  condition  of  the  strata  upraised  by  faults. 
The  strata  of  the  great  coal  formation  seldom  attain 
any  very  great  elevation,  the  principal  coal  districts 
being  situated  near  tlie  feet  of  elevated  mountain 
ranges  ;  but  these  mountains,  which  form  the  Iiighest 
portions  of  the  globe,  are  chiefly  composed  of  hard 
rocks  more  or  less  crystalline  ^  they  therefore  oflered 
a  greater  resistance  to  the  action  of  water  than  the 
coal  strata ;  and,  as  they  are  many  thousand  feet  above 
the  surface  of  the  sea,  th^  became  removed  above 
the  reach  of  its  agency.  But  the  great  protection  of 
mountain  ranges  or  masses,  I  believe,  consisted  in  their 
vast  magmiude  and  extent.  A  chain  of  mouiUaiu^,  of 
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a  hundred  miles  in  length,  has  generally  a  breatUli  of 
fifteen  or  twenty  miles.  A  transverse  section  of  the 
chain,when  first  rising  under  the  sea,  would  form  the 
low  segment  of  a  very  broad  arch,  from  wiiich  the 
water  would  gradually  remove,  and  occasion  a  distant 
swell  of  the  ocean,  altogether  unlike  the  agitation 
occasioned  by  the  sudden  fractures  and  uprising  of 
smaller  portions  of  the  surface,  which  were  probably 
as  instantaneous,  as  the  fractures  and  dislocatioiis 
caused  by  earthquakes  on  land.* 

The  hills  of  the  central  range  that  runs  through 
Derbyshire,  and  the  west  riding  of  Yorkshire,  and 
divides  the  eastern  and  western  waters,  are  chiefly 
composed  of  hard  gritstone  and  shale,  which  may  he 
regarded  as  the  beds  on  which  the  coal  strata  rest,  at 
some  distance  from  the  central  range.  The  average 
height  of  this  central  range  is  from  ISOO  to  1800 
feet ;  its  breadth  from  12  to  15  miles ;  and  its  length, 
from  the  north  of  Derbyshire  to  Craven  in  Yorkshire, 
70  miles.  As  the  gritstone  and  shale  contain  abun- 
dant vegetable  impressions,  similar  to  those  in  the 
coal  strata,  of  which  they  form  the  lowest  beds, 
though  no  workable  seams  of  coal  occur  in  them,  it 
may  be  fairly  asked,  Why  has  this  range  of  hills 
escaped  the  destruction  that  swept  away  the  upraised 
coal  strata?  To  which  we  may  reply,  (as  before 
stated)  they  were  protected  by  their  magnitude  and 
breadth :  they  form  a  very  broad  segment  of  a  low 
arch,  which  has  secured  them  from  the  destructive 
ac  tion  of  the  sea ;  though  it  is  probable  that  a  con* 
sidei  able  cov(u  ing  of  the  outer  strata  have  in  some 
parts  been  stripped  ofi'. 

•  The  Btntu  being  uplieaved  on  one  side  of  a  fault  ody,  would, 
if  the  mass  remained  entire  (like  Plate  I.  fig.  4-.),  be  particularly 
exposed  to  the  force  of  the  agitated  sea;  wliereas,  had  the  strata 
been  upheaved  on  both  sides  of  the  fault,  they  would  form  a  liilJ, 
with  stiata^loping  in  oj)positc  directions  from  the  fault  or  anti- 
clinal axis,  as  at  Dudley  Castle  Hill.  (Plate  HI.  fig.  4.  b.)  The 
sloping  sides  would  admit  the  water  to  pass  over  them  with  KtUe 
resistance,  and  such  hills  might  Tenuun»  when  the  strata  upraised 
by  firnlts  were  entirely  removed. 
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The  annexed  cut  represents  two  transveree  sections 
of*  this  central  ranire.  In  the  lower  section,  for  the 
sake  of  illustration,  the  heigiit  is  represented  as 
much  greater  than  its  due  proportion  to  the  breadth* 
which  may  here  be  about  12  miles  from  b  to  b.  The 
upbeavuig  causes  whether  lava  or  vapour*  is  sup- 
posed to  be  situated  at  or  under  c :  the  strata  over 
it  are  raised  in  a  convex  form,  hut  are  not  dislocated 
or  tilleil  up  as  tiiey  are  hy  faults.  By  the  expansion 
of  the  surface,  fissures  would  howev  er  he  formed,  de- 
scending to  diflcrent  depths,  as  at  a  a.  These  fissures 
afterwards  niiij^ht  be  widened  by  atmosjihcM  ic  agency, 
and  form  ravines  or  valleys,  extending  liom  a  to  the 
dotted  line  x>.  Such  ravines,  formed  originally  by 
fissures  from  the  surface,  will  be  noticed  in  a  subse- 
quent  chapter ;  and  it  can  in  some  instances  be  satis- 
factorily proved,  that  they  were  not  produced  by 
&ults»  or  by  rivers  running  through  them«* 

In  the  upper  figure,  the  highest  part  of  the  trans- 
verse section  at  x  is  represented  nearer  the  due  pro- 
portion to  the  width  B  B ;  and  it  may  easily  be  con- 
ceived, that  such  a  comparatively  low  segment  of  an 
arch,  when  slowly  and  gradually  raised  fiom  the  bed 
of  tlie  sea,  would  occasion  but  little  immediate  agita- 

♦  This  section  represents  better  the  structure  of  a  mountain  mass 
than  that  of  a  mountain  range.  The  moutUaiu  calKnl  >ra^>son,  near 
Matlock,  has  such  a  structure  ;  and  the  opening  between  a  and  the 
dotted  line  d  represents  the  ravine  between  the  High  Tor  and 
Masson  The  subject  will  be  resumed  in  the  Cliapter,  Ou  the 
BUvalion  of  Mountain*. 
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tion  of  the  water,  though  it  miglit  cause  a  swell  of 
the  ocean  in  distant  parts.  Thus,  extensive  beds  of 
soft  or  yielding  strata  might  be  elevated  above  the 
level  of  tlie  sea,  without  suffering  much  denudation 
from  the  flux  and  reflux  of  the  fvater.  In  tliis  man- 
ner also  lower  hills  and  masses  of  considerable  extent 
and  breadth,  composed  either  of  coal  strata,  or  of 
soft  calcareous  secondary  strata  like  chalk,  may  have 
been  upheaved  with  little  destruction  of  the  becls» 
except  what  subsequently  took  place  from  atmo- 
spheric agency. 

Whether  the  faults  that  intersect  the  secondary 
strata,  at  a  distance  from  the  coal  districts,  are  as 
frequent  as  in  coal  fields  may  be  doubted  ;  these 
Strata  are  rarely  subjected  to  the  exploration  of  the 
miner,  and  therefore  comparatively  few  faults  are 
discovered.  Some  faults  are  known  to  occur,  and  to 
have  upraised  the  secondary  strata  in  the  same 
manner  as  those  in  the  coal  mstricts.  Where  faults 
do  occur,  the  disappearance  of* the  upraised  strata  is 
I  believe  gciKjral ;  and  the  same  explanation  of  the 
cause  of  the  disappearance,  wiiich  has  been  applieti 
to  coal  districts,  will  apply  in  this  case  also;  as  the 
beds  have  evidently  been  raised  from  tiie  ocean,  and 
subjected  to  the  agitation  occasioned  by  the  sudden 
breaking  and  elevation  of  the  ground,  which  li[>raied 
at  that  period  the  bed  of  the  sea.  As  the  secondary 
strata  remain  to  be  described,  Yarther  remarks  on  the 
faults  and  denudations  which  occur  in  them,  must  at 
present  be  postponed.  One  circumstance,  however^ 
It  will  be  proper  to  state.  As  the  existence  of 
faults,  that  do  not  appear  on  the  surface,  is  seldom 
subjected  to  the  proof  of  minincf  operations  beyond 
the  range  of  the  minini;'  districts,  great  mistakes  have 
often  been  made  by  introducing  faults,  to  explain 
difticulties  wiiich  the  observer  could  not  easily^  ex- 

Elain  without  them.  On  one  side  of  a  fault  a  lower 
ed  may  be  raised  up,  so  as  to  breast  against  a  bed 
much  higher  in  theseries;  as  in  the  following  figure:— «- 
On  the  side  b  the  beds  1,^,3,  4.  are  placed  in  their 
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natural  order  over  each  other ;  but  on  the  side  of  the 
fault  A  the  bed  4.  is  elevated  and  brought  into  the 
immediate  level  of  the  bed  1.,  separated  only  by  the 
intervening  fault  f. 


The  beds  1.  and  4.  may,  however,  be  brought  into 
contact  at  the  same  level,  without  the  intervention  of 
any  fault  whatever.  The  strata  that  cover  each 
other  in  a  regular  order  of  succession,  as  1,2,  3,  4. 
in  the  above  section,  are  not  always  found  together. 

Sometimes  the  intermediate  beds,  as  2,  3.,  are 
wanting,  and  the  upper  bed  1.  extends  beyond  the 
under  ones,  and  comes  in  contact  with  the  lowest  bed 
4.,  as  represented  in  the  following  cut.  In  this  case 
a  well,  or  excavation,  sunk  near  to  c,  on  the  side  of 
the  section  b,  and  another  on  the  side  a,  would  show 
an  upper  and  lower  bed  brought  to  the  same  level ; 
and  hence  the  occurrence  of  a  fault  at  c  might  erro- 
neously be  inferred,  which  had  raised  the  bed  4.  into 
contact  with  the  bed  1.  Such  instances  have  not 
unfrequently  induced  geologists  to  intei*polate  faults, 
where,  in  reality,  they  did  not  occur. 


Thus,  in  Dorsetshire,  the  green  sand  of  the  chalk 
formation,  instead  of  resting  upon  the  beds  of  oolite, 
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extends  beyond  tliem,  and  covers  the  lower  t'ovm- 
ations  of  lias  or  red  marl.  Fortunately,  in  this  case, 
the  cliffs  on  tlie  coast  jn-esent  a  pcrtect  view  of  the 
true  position  of  the  strata,  and  show  that  the  contact 
of  the  upper  and  lower  beds,  is  occasioned  by  the 
overlapping  of  the  green  sand. 

Faults,  filled  with  basalt,  intersect  all  formations; 
and,  from  the  extreme  hardness  of  the  stone,  they  may 
often  be  traced  on  the  surface,  when  they  cut  through 
secondary  strata,  and  thus  furnish  certain  evidence  of 
their  occurrence.  Faults,  filled  with  clay  or  I'ragments, 
that  have  produced  vast  dislocations,  often  present  no 
visible  proof  of  their  existence,  excej)t  what  can  be 
discovered  by  j)cnctrating  the  surtiice.  \V'licn  geo- 
logists, of  gi  t  at  c  xperience  and  tact  are  engaged  in 
investigating  the  structure  of  districts  in  which  faults 
occur,  the  funds  of  scientific  societies  cannot  be 
better  expended,  than  by  allowing  such  observers  to 
call  in  the  aid  of  working  miners  to  sink  pits  and  cut 
shafts  through  the  supposed  faults,  thereby  to  ascertain 
their  magnitude  and  contents,  and  the  effects  they 
liave  produced  on  tiie  ntljacent  beds.  An  experienced 
geologist  may  often  antici))ale,  with  much  probability, 
the  nature  and  cpiality  of  a  lower  bed,  not  visible  on 
the  surface,  but  he  caiuiot  in  all  cases  be  expected  to 
•*  see  through  a  millstone  (or  an^  other  bed  of  stone) 
a  mile  thick and  the  labours  of  working  miners,  weU 
directed  for  a  few  days,  might  clear  up  doubts  and 
difficulties,  which  cannot  be  removed  by  speculation 
or  conjecture. 

Faults,  where  their  occurrence  can  be  examined 
and  fully  ascertained,  are  manifestations  of  the  ex- 
traordinary and  violent  action  of  internal  causes,  that 
cainiot  be  mistaken  bv  the  ccoloi^ist ;  thev  afford 
him  as  certain  evidence  of  former  terrestrial  convul- 
sions, as  if  he  saw  the  earth  opening  and  upheaving 
before  his  eyes. 
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CHAR  X. 

ON  UNCONFORMABLE  TRAP  ROCKS  AND  BASALTIC 

DYKES. 

Different  Positions  of  Trap  Hocks,  as  overlying,  imbedded)  or  inter* 
sccting  other  Rocks.  —  Varieties  of  Trap  Rocks.  —  Porphyry, 
Porphyritic  Trap,  Sicnite,  Greenstone,  Clinkstone  Hasnlt, 
Amygdaloid,  and  Wacke.  —  Passage  by  Gradation  into  each 
other,  and  into  Volcanic  and  Granitic  Itocks. — Keniarkable 
Instance  of  this  Passage  at  Christiania  ia  Norway. —  Mountains 
of  Porphyritic  Trap  and  Clinkstone,  with  deep  Craters.  —  High 
Stile,  Cumberlana;  Cader  Idris,  Merionethshire.  —  Basaltic 
Dykes :  Extent  of  the  Cleveland  Basalt  Dyke.  —  Basaltic  Dyke 

at  the  Clee  Hills,  in  Shropshire.  —  On  interstratified  liasalt  

Remarks  of  Professor  Sedgwick,  on  the  Protrusion  of  Basalt 
between  regular  Strata.  —  On  colunniar  Hangcs  of  Basalt. — 
Organic  Remains  enveloped  in  Basalt. —  Keniarkable  Basaltic 
Districts  in  Europe  and  America.  —  Experiments  on  Basalt. 
Theory  of  Werner*  —  On  the  Conditions  required  for  the  Con- 
version of  fluid  Lava  into  compact  Basalt. 


The  class  of  rochs  aboui  iO  he  dcscrihvd  in  the  present  chaptvi .  (n  r. 
txtreniehj  interesting  to  the  geologist,  as  ihvtf  jyresmf  him  n  ith  decirled 
indications  of  their  origin  and  mode  of  JhrfUftfton.  Tliey  not  only 
"  reveal  the  secret  of  thi  ir  liirth,''  InUyfmm  their  close  tdliance  to  many 
of  the  most  ancient  primary  rochSf  t/iey  disclose  the  oj/erations  by 
which  a  large  portion  of  Ute  earth's  surface  was  consolidaied,  in  the 
i^Urst  rtmote  ffeohgital  ^xtchs»  Many  ^  the  trtq^  roehs  are  m 
simUar  in  structure  and  eomposilion  to  me  produets  of  active  doL 
etmoeSf  and  to  MSr  of  lava  erupted  in  our  own  times,  that  we  map  be 
said  to  see  the  I'ery  cause  in  ojyrrtff'nih  hr/  which  thcf/  v'ere  formed. 
Many  (  ffhr  irojt  rm'hs  are  also  so  siniilar  in  structure  am/  com/tosition 
to  srtmi  of  th(  tuost  ancient  primary  rochs,  tliat  «r  can  scarcely  doubt 
respecttny  their  having  had  tJic  same  origin,  though  Uiey  may  luive 
been  coneoUdaied  under  d^erent  degreee  of  heat  orpre89t$re,  and  with 
different  attendant  conditions.  The  juhm  Tmp  is  derived  from  the 
sSpedish  word  trappa,  a  stair,  and  has  been  given  to  rochs  of  l3us 
dm$,  because  many  of  them  divide  into  regular  forms  resembling  the 
Heps  of  .stairs.  Whethtr  the  term,  in  its  literrd  smsc.  is  well  chosen  as 
a  generic  name,  may  be  doidjted ;  hut,  taken  nak/phorically,  it  ts  ex- 
tremely appropriate,  as  tlicse  rochs  offer  a  series  of  gradations  or 
steps f  over  which  the  geologist  may  safely  travel  in  his  speculations, 
from  the  lava  of  Etnoy  to  the  granite  of  the  Alps, 
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To  obtain  a  correct  knowledge  of  trap  rocks,  the 
student  slioiild  lii  st  acquire  a  clear  idea  of  their  posi- 
tion. \Mien  })riii)aiy  and  transition  rocks  form  dis- 
tinct beds,  they  are  generally  arranged  conform al)iy, 
-  or,  in  other  words,  tlie  upper  beds  are  moulded  upon 
the  lower,  and  have  tlie  same  elevations  and  depres* 
sions,  as  represented  Phite  III.  fig.  1. 

Trap  rocks,  on  tlie  contrar)",  are  found  on  the 
surface  in  overlying,  unconformabJis  masses,  or  are 
imbedded  in  other  rocks,  or  intersect  them,  rising  like 
a  wall,  and  breaking  the  continuity  of  the  strata* 
Such  walls  are  called  dykes.  1  rap  rocks  that  are 
imbedded,  seldom  preserve  the  form  of  regidar  strata 
for  any^  great  extent,  but  are  extremely  variable  in 
their  thickness ;  in  many  instances,  they  appear  to 
have  been  laterally  protruded  between  regular  strata. 
Tiiese  dilFcront  {)ositioiis  oi"  trap  rocks  are  repre- 
sented Plate  111.  fig.  '2.  It  is  obvious  that  these 
unconlbrmable  rocks  were  formed  at  a  j)eriod  subse- 
quent to  that  of  the  rocks  whicli  they  cover  or  in- 
.  tersect. 

As  the  mineral  composition  of  trap  rocks  is  nearly 
the  same  as  that  of  rocks  whose  igneous  origin  is  now 
undisputed,  we  can  have  little  difficulty  in  admittiiig, 
that  the  overlying  masses  of  trap  have  been  poured 
over  the  surface  of  the  conformable  rocks  in  a  state 
of  fusion,  like  streams  of  lava  from  recent  volcanoes ; 
with  this  difierence,  that  they  were  not  erupted  ftoai 
one  opening  or  crater,  but  from  fissures  of  ^rcat  width 
and  many  miles  or  leagues  in  extent,  and  that  they 
were  generally  formed  under  the  ocean.  I  say  we 
can  have  little  dilliciilty  in  admitting  this,  j)ai  ticularly 
as  sucii  rents  or  fissures,  filletl  with  similar  matter  to 
that  of  the  overlying  unconformable  masses,  are  often 
discovered  in  their  vicinity. 

Trap  rocks,  however,  are  not  unfroquently  ob- 
served imbedded  between  strata  of  aqueous  form- 
ation :  here  their  origin*  appears  more  obscure.  In 
many  of  these  instances  we  may,  without  difficultyi 


TAAP  DOCKS. 


admit  that  these  trap  rocks  were  formed  by  submarine 
volcanoes,  which  have  poured  beds  of  lava  over  the 
Jinicslonc  ;  another  bod  of  liniestone  may  liave  beuii 
subsequently  Ibnncd  over  tlic  lava,  and  this  hme- 
stone  may  also  have  been  covered  by  the  lava  of  a 
later  eruption.  In  this  manner  the  alternation  of 
beds  of  basal t|  or  basaltic  amygdaloid,  with  limestone 
in  Derbyshire,  may  admit  of  a  probable  explanation. 
See  Plate  IV.  fig*  5.  e  e,,  beds  of  trap  between  beds 
of  mountain  limestone,  a  a. 

On  the  southern  side  of  £tna  there  are  several 
beds  of  undoubted  lava  alternating  with  limestone, 
as  will  be  more  fully  stated  hereafter.  In  some  in- 
stances, however,  the  basalt  or  trap  has  evidently 
been  piDtiiulctl  between  the  strata,  after  the  period 
when  the  latter  were  deposited.  - 

Before  we  proceed,  it  may  be  proper  to  remark, 
tliat  tlici  e  are  certain  porpiiyritic  rocks  bearing  the 
general  character  of  trap  rocks,  which  are  associated 
witli  slate  rocks,  and  appear  to  pass  by  gradation  into 
them.  We  cannot  suppose  that  they  have  been 
erupted  like  lava,  or  protruded  into  the  slate :  they 
have  probably  been  softened,  by  subterranean  heat, 
with  the  slate  in  sUti ;  but  from  difference  of  com- 
position, or  different  degiees  of  temperature,  these 
beds  may  have  had  a  greater  facility  in  ac(piiring  a 
porpiiyritic  texture.  A  remarkable  instance  of  the 
passage  of  slate  into  porphyry  will  be  noticed  here- 
after. 

If  we  sufficiently  keep  in  view,  that  Uie  crust  of 
the  globe  with  which  we  are  acquainted  does  not 
exceed,  in  comparative  thickness,  that  of  a  wafer  to 
an  artificial  globe  three  feet  in  diameter  \  and  that 
a  very  large  portion  of  the  globe  is  now  or  has  in 
ancient  times  been  rent  and  pierced  through  by  ac- 
tive volcanoes,  and  that  these  volcanoes  are  not  the 
seat  of  subterranean  fire,  but  merely  its  chimneys,  we 
shall  have  no  difficulty  in  admitting,  that  extensive 
parts  of  the  crust  of  the  globe,  far  distant  from  any 
present  volcanoes,  may  Imve  been  sotkened  by  inter- 
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nal  heat,  and  the  more  fusible  beds  partly  crystallised 

in  si/a,  luulei  the  [)rcssure  of  the  ocean. 

With  respect  to  the  overlying  formations  which 
pass  by  gradation  into  ])riniary  rocks  (as  some  }n)i- 
phyries  allied  to  volcanic  rocks  pass  into  granite), 
this  fact,  so  far  lioni  proving  that  the  porphyry  was 
not  of  igneous  origin,  temls  strongly  to  coiiiirm  the 
hypothesis,  which  attiibutes  an  igneons  formation  to 
granite  itselK*  It  is  granted  by  the  best  observera, 
that  a  regular  gradation  may  be  traced  between 
granite  and  the  more  ancient  Volcanic  rocks,  and 
that  there  is  likewise  a  gradation  between  the  pro- 
ducts of  aticient  and  recent  volcanoes,  of  which  we 
shall  afterwards  treat  more  iully. 

It  will  be  proper,  before  we  proceed,  to  state  the 
mineral  composition  of  trap  rocks.  Felspar  and 
hornblende,  see  Chap.  III.,  constitute  the  principal 
ingredients  of  trap  ^  in  many  trap  rocks  the  mi* 
neral  called  augite  is  intermixed  with  felspar: 
indeed  hornblende  and  augite  resemble  each  other 
in  chemical  composition,  and  when  Uncrystallised, 
in  external  character  also,  and  are  now  disco- 
vercd  to  be  different  crystallisations  of  the  same 
mineral.  These  conij)onnds  of  felspar  and  horn- 
blende, and  fel<})ar  and  augite,  chiefly  form  the 
ditiercnt  rocks  called  greenstone,  sienitic  greenstone, 

•  However  highly  and  justly  distinguished  many  of  the  natural 
philosophers  in  Fiance  may  be,  it  cannot  be  denied  that  they  ad- 
here more  closely  to  theories  once  formed,  and  have  a  greater 
dread  of  thinking  for  themselves,  than  the  philosophers  of  other 
countries.  In  confirraation  of  this»  I  shall  translate  an  extract 
firom  M.  Bonnard  8  Aper^u  GeognotUi^  des  Terrains,  It  is  truly 
amusing  to  sec  the  iilnrm  which  lie  evinces,  lest  he  should  be  com* 
pellcnl  liy  stubborn  lacts  to  relinquish  his  cherished  theories.— 
*•  Anollicr  species  of  difticulty  should  prevent  every  prudent  man 
i^t sprit  sayt )  from  ai tempting  to  explain  the  formation  of  these 
rocks  of  trachyte  by  any  hypothesis  founded  on  Tolcantc  action ; 
namely,  the  alarming  extent  of  the  consequences  whidh  may  loUo«r 
such  an  explication,  relative  to  other  rock  formations,  hitherto  re- 
garded as  having  a  very  different  origin."  With  great  respect  for 
M.  Uonnard,  I  would  say.  f  et  every  esprit  sapc  yield  to  the  cri- 
dence  which  Nature  presents,  and  leave  conse^ucnces  and  theories 
to  take  care  of  themselves. 
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basalt,  clinkstone,  pitclistone,  wacke,  and  amygdaloid; 
and  also  trap-porphyry,  and  pitchstone-porphyry.  All 
these  rocks  may  be  regarded  as  difierent  modes  and 
combinations  of  felspar  with  hornblende  or  augtte» 
differing  chiefly  in  their  internal  structure. 

When  hornblende  and  felspar  are  intermixed*  and 
have  a  granitic  structure,  they  form  what  is  gene- 
rally called  greenstone;  and  if  the  felspar  be  red, 
sienitic  greenstone.  When  hornblende  and  felspar, 
or  augite  and  felspar,  are  intimately  combined  and 
finely  granular,  they  form  basalt.  The  French  geo- 
logists make  a  distinction  between  the  basalt  in 
which  augite  prevails,  and  that  which  is  composed 
of  felspar  and  hornblende;  but  it  is  admitted  that 
where  the  structure  is  finely  granular,  or  nearly  com- 
pact»  it  is  di£Bciilt»  if  not  impossible*  to  distinguish 
them* 

Basalt  has  a  greenish  or  brownish  black  colour,  is 

difficult  to  break,  and  possesses  a  considerable  de- 
gree ot  iiardness  ;  it  will,  however,  yield  to  the  point 
of  a  knife.  On  examination  with  a  lens,  even  the 
more  compact  varieties  of  basalt  are  seen  to  be  com- 
posed of  minute  crystalline  grains;  it  frequently 
contains  yellowish  grains  of  a  mineral  called  olivine ; 
it  ODQtains  also  grains  of  iron-sand,  and  a  consider- 
able portion  of  the  black  oxide  of  iron.  Basalt  is 
fusible  into  a  black  glass*  and  is  magnetic.  The 
iron  which  it  contains  passes  into  a  further  state  of 
oxygenation  when  exposed  to  the  air :  hence  basaltic 
rocks  are  generally  covered  with  a  reddish  brown  in- 
crustation. Very  black  basalts  are  chiefly  composed 
of  augite. 

Soft  earthy  basalt,  intermixed  with  green  earth, 
forms  the  rock  called  wacke ;  it  has  frequently  a 
greenish  colour.  When  basalt  or  wacke  contains 
rounded  cavities*  filled  with  zeolites,  chalcedony*  or 
calcareous  spar,  they  form  amygdaloid.*    When  the 

♦  The  names  Porphyry  and  Amygdaloid  rather  represent  modes 
than  substances,  and  convey  no  precise  ideas,  unless  the  nature  ot 
the  base  be  specified. 

Q 
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felspar  greatly  |)revails,  and  the  texture  becomes 
nearly  compact,  basalt  passes  into  the  rock  called 
phonolite  or  clinkstone,  from  its  yielding  a  metallic 
sound  ^vllen  struck  :  the  prevailing  colour  is  gray 
and  greenish  gray  ;  it  is  fusible.  Clinkstone,  when 
it  has  a  more  earthy  texture,  passes  into  the  rock 
called  by  English  geologists  claystone.  Clinkstone 
often  contains  imbedded  ciystals  of  felspar,  and  then 
becomes  a  trap-porphyry,  which  varies  in  colour  ac* 
cording  to  the  prevailing  ingredients  of  its  base* 
Between  felspar-porphyry  and  trap-porphyry  there  i« 
an  almost  inij^erceptible  transition  ;  in  the  former, 
the  base  or  paste  is  felspar,  nearly  pure.  Some  fel- 
spar porphyries  pass  gradually  into  granite,  by  aa 
intermixture  with  quartz  and  mica. 

Pitchstone  has  a  blackish  green,  or  a  nearly  black 
colour;  it  is  a  semivitreous  substance,  having  the 
lustre  and  appearance  of  pitch,  and  does  ia  fact 
contain  a  portion  of  bitumen  i  its  other  constituent 
parts  are  the  same  as  those  of  basalt ;  it  approaches 
nearly  to  the  black  volcanic  glass  called  obsidian, 
which  is  a  lava  suddenly  refrigerated  auJ  perfectly 
vitrified.  Pitchstone  and  obsidian  are  sometimes 
porphyritic.  Hence  we  have  on  the  one  hand  a 
series  of  rocks,  (varying  only  in  the  increase  of 
felspar,  and  state  of  induration,)  from  granular  basalt 
to  clinkstone  and  claystone,  irom  clinkstone  to  trap- 
porphyry,  from  trap-porphyry  to  trachyte  and  fel- 
spar-porphyry, and  from  ielspar-porphyry,  with  the 
further  admixture  of  mica  and  quartz,  to  granitic 
porphyry  and  granite.  On  the  other  han^  Aom 
granitic  greenstone  there  is  a  transition  to  sienite^ 
and  from  sienite  to  true  granite.  Again :  in  the 
volcanic  districts  of  Auvergne,  we  see  scoriaceous 
lava  become  more  compact,  and  at  length  pass  into 
well  characterised  black  basalt,  with  the  columnai* 
structure.  In  other  situations,  currents  of  lava  form 
obsidian  or  volcanic  glass ;  and  between  basalt,  phono- 
lite,  and  pitchstone,  there  is  an  almost  imperceptible 
gradation. 
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Thus  it  may  be  seen  that  the  whole  family  of  trap 
rocks  liave  on  the  one  hand  a  close  alliance  with 
volcanic  rocks;  and  on  the  other,  with  the  more 
ancient  rocks  of  porphyry  and  granite* 

The  gradation  of  trap  rock,  having  in  some  parts 
a  volcanic  character,  into  true  granite,  has  been 
described  by  Messrs.  Hausmann  and  Von  Buch  as 
dktinctly  observable,  and  well  marked,  in  a  mountain 
near  Christiania  in  Norway.  The  lower  rocks  aie 
gneiss;  over  this  occurs  dark  slate  ;  and  in  the  slate 
are  several  beds  of  blackish  limestone,  containinp^ 
trilobites,  and  also  orthoceratites  several  feet  in  length, 
with  other  marine  organic  remains.  In  some  parts, 
a  bed  of  gritstone  or  greywacke  rests  on  the  slate. 
The  whole  of  these  beds  are  covered  by  an  enormous 
mass  of  porphyry,  varying  in  thickness  from  IdOO  to 
2000  feet*  The  porphyry  is  of  a  smoke  gray  colour, 
but  is  reddish  in  some  parts  $  it  is  compact,  and  mo- 
derately hard,  and  contains  large  crystals  of  white 
felspar,  and  crystals  of  quartz,  epidote,  hornblende, 
iron  pyrites,  and  magnetic  iron  ore.  In  the  lower 
part  of  the  bed  the  porphyry  becomes  vesicular,  and 
changes  into  an  amygdaloidal  basalt,  containing  cry- 
stals  of  augite.  Near  the  sea,  vast  dykes  of  this  por- 
phyry, more  than  thirty  yards  in  width,  are  seen 
cutting  through  the  slate  and  beds  of  limestone.  In 
another  part  of  the  country,  at  Holmestrand,  the 
same  mass  of  porphyry,  covering  beds  of  sandstone, 
is  seen  to  pass  in  the  lower  part,  by  almost  insensible 
gradations,  into  a  hard  fine-grained  black  basalt,  con- 
taining brilliant  crystals  of  augite  :  in  the  upper  part 
of  the  bed,  the  poiphyry  passes  into  a  sienite  of 
singular  beauty,  containing  crystals  of  zircon  ;  and 
above  tliis,  the  sienite  passes  into  common  granite. 
The  dykes  of  porphyry  cutting  through  the  slate 
rocks,  indicate  the  mode  of  formation  of  this  porphyry, 
in  a  manner  not  to  be  mistaken  by  those  who  are  ac- 
quainted with  the  basaltic  dykes  in  the  northern  parts 


fissures  through  which  this  vast  mass  of  porphyry  bad 


of  Great  Britain*  These 
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been  poured  out  over  the  slate  rocks,  tliough  Messrs. 
Hausmann  and  Von  Buch  describe  them  as  veins 
descending  from  tlic  porphyry.  The  reader  may 
form  a  more  distinct  idea  of  the  positioo  oi'  tiuA  por- 
phyry and  its  relation  to  tiie  subjacent  rocks^  which 
are  intersected  by  dykes  of  the  tame  porphyry,  firom 
Pkte  III.  %.  ^  a. 

Had  M«  Von  Buch  seen  this  remarkable  mass  of 
pm^hyry  at  Chiistiaiiia,  after  his  visit  to  the  basaltic 
districts  in  England,  he  would,  I  am  persuaded,  liiive 
at  once  recognised  the  agency  of  subterranean  fire  in 
its  formation.  I  saw  this  eminent  geologist  soon  afler 
his  return  from  Cumberland  and  Westmorelaiul ;  and 
if  I  recollect  distinctly  his  opinion  respecting  the 
mountains  of  porphyritic  trap  and  clinkstone  inter- 
mixed with  slate  in  these  counties,  it  was,  that  th^ 
bore  a  striking  resemblance  to  some  of  the  most 
ancient  volcanic  mountains  in  AuvergnCp  and  that, 
like  them,  they  had  been  softened  in  sUUf  and  elevated 
by  subterranean  heat  The  operation  of  igneous 
agency  in  these  mountains  is  much  less  evident  than 
in  the  porphyry  of  Norway,  if  the  description  given 
of  it  be  correct.  The  only  porphyry  occurring  in 
iincon(orinable  beds  that  I  have  seen  in  Cumberland 
or  Westmoreland,  covers  part  of  a  mountain  of  coarse 
slate,  on  the  right-hand  side  of  the  road  going  from 
Kendal  to  the  granite  momitain  of  Shap.  It  ferou  a 
nearly  horizontal  bed  composed  of  red  felspar,  which 
has  an  earthy  texture,  and  contains  crystals  or  .graiiis 
of  quartz;  it  is  what  the  French  would  denomiiiate 
a  red  trachyte.  Considerable  fragments  of  the  same 
rock  are  scattered  in  the  adjacent  valleys,  proving 
that  at  a  former  period,  this  porphyry  was  more  ex- 
tensively spread  over  that  district  A  red  porphyritic 
felspar,  nearly  similar  in  composition  and  appearance, 
forms  the  top  of  the  mountain  called  Red  Pike  above 
.  the  Lake  of  Buttermere  in  Cumberland.  Cioaeiy 
adjacent  to  Red  Pike,  and  forming  part  of  the  aame 
ridge,  is  the  mountain  called  High  Stile.  Between 
the  summits  of  these  mountains  is  a  deep  crater  with 
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a  small  lake  or  tarn  at  the  bottom  of  it :  the  sides  of 
thir  crater  are  very  steep  ;  it  is  partly  surrounded  by 
rude  columns  of  clinkstone  on  one  side;  the  porphy- 
ntic  fielspar  of  Red  Pike  forms  the  other  side.  The 
clinkstone  has  a  smooth  conchoidal  fracture  and  a 
greenish  grey  colour;  it  contains  small  crystals  of 
ieJspar,  and  is  slightly  translucent  on  the  edges  and 
verjr  fiisible ;  it  is  highly  sonorous  when  struck  with 
8  hammer.  The  he^ht  of  High  Stile  is  «100  feet 
above  the  level  of  the  sea ;  the  depth  of  the  crater  is 
about  500  fieet ;  tiie  side  nearest  tlie  Lake  of  Butter- 
mere,  by  which  alone  it  can  be  entered,  is  partly 
open.  Situated  as  it  is  on  the  summit  of  a  very  nar- 
row steep  mountain  ran^^e,  that  divides  the  valley  of 
Buttermere  from  Knnerdale»  no  conceivable  operation 
of  water  could  have  scooped  out  the  crater,  and  the 
bed  of  the  lake  within  it. 

Though  the  rocks  which  surround  this  crater  are 
dosely  allied  to  volcanic  rocks»  and  have  probably 
been  subjected  to  the  agency  of  subterranean  fire, 
yet  the  crater  is  not  composed  of  lava  and  scoriae, 
like  that  of  modern  volcanoes.  Cader  Idris,  in  Meri- 
onethshire, is  similar  in  composition  and  structure  to 
High  Stile  ;  it  has  also  a  deep  crater,  with  a  small 
lake  at  the  bottom.  The  opinion  of  Von  Buch,  that 
lome  volcanic  mountains  have  been  upheaved  bodily 
in  a  solid  mass,  would,  if  admitted*  elucidate  the 
fomation  of  these  mountains:  the  craters  may  not 
have  ejected  lava,  but  may  have  served  for  vents  to 
the  eliMtlc  fluids  or  steam  that,  combined  with  heat, 
were  the  agents  by  which  the  mountains  were  up- 
heaved  j  or  we  may  suppose  the  craters  to  be  Ibnnetl 
by  a  partial  sinking  down  of  the  summits,  wlien  the 
mountains  w^ere  still  softened  by  heat.  It  may,  how- 
ever, deserve  the  future  inquiry  of  geologists  wliether 
the  red  felspathic  trachyte  on  one  side  of  the  crater 
of  High  Stile,  wiiich  forms  Red  Pike,  and  extends 
over  the  mountain,  may  not  once  have  flowed  as  lava. 

Many  mountains  in  Cumberland  and  Westmore- 
land are  composed  of  poq)hyritic  trap,  passing  into 
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clinkstone.  In  a  deep  ravine  of  Swarthfell  in  Cum- 
beiiand,  opposite  the  seat  of  J.  Marshall,  Esq.  the 
mountain,  which  is  here  composed  of  clinkstone,  pre- 
sents the  columnar  structure  on  a  magnificent  scale ; 
the  columns  are  slightly  bent  and  inclined. 

Porphyry,  from  an  intermixture  with  hornblende^ 
frequently  passes  into  sienite ;  when  this  is  the  case, 
the  latter  rock  generally  forms  the  upper  part  of  the 
mass.  Porphyry  and  basalt,  in  enormous  masses, 
oi\eu  cover  the  primary  mountains  in  the  Andes. 
According  to  Humboldt,  *'  they  are  arranged  in  re- 
gular columns,  which  strike  the  eye  of  the  traveller 
like  immense  castles  litled  into  the  sky."  Some 
geologists  describe  four  formations  of  porphyry ;  but 
this  division  is  purely  theoretical,  as  those  who  admit 
it,  agree  that  the  different  formations  of  porphyry 
frequently  pass  into  each  other  j  and,  from  the  evident 
connection  of  porphyry  and  basaltic  with  igneous 
rocks,  it  naturally  follows,  that  such  transitions 
must  take  j)lace.  Many  porphyritic  rocks  may  be 
regarded  as  more  ancient  than  basaltic  rocks,  as 
porphyry  frequently  occurs  intermixed  with,  or 
covering,  transition  rocks,  and  basalt  is  most  com- 
monly associated  with  the  secondary  strata.  1  am 
informed  by  Professor  Sedgwick,  that  the  porphjriy 
of  the  Cheviot  Hills  has  produced  firequent  and 
great  dislocations  of  the  beds  in  its  vicinity.  We 
nave  few  instances,  beside,  that  I  am  acquainted  with, 
in  England  or  Wales,  of  eruptions  of  well  defined 
porphyry  ;  they  arc  not  uncommon  in  Scotland  and 
in  the  Alps.  We  shall  proceed  to  describe  the 
phenomena  presented  by  trap  rocks,  of  wliicii  there 
are  numerous  striking  examples  in  Great  Britain  and 
Ireland. 

In  describing  the  phenomena  presented  by  any  of 
the  trap  rocks,  we  describe  those  peculiar  to  eveiy 
member  of  the  trap  family.  Were  it  allowed  to 
express  a  geological  fact  in  familiar  terms,  it  might 
be  said,  that  all  the  members  of  this  family  give 
indications  of  a  fiery  character,  and  of  having  bccu 
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troublesome  neighbours  to  the  adjacent  rocks,  dis- 
turbing them,  and  oven  changing  their  nature,  when 
they  are  closely  associated.    Beside  occiirriug  in 
overlying  uncontbrmable  masses,  all  trap  rocks,  with 
porphyry,  wliich  may  be  placed  at  their  head,  are 
occaaionally  found  intersectine  other  rocka  like  ver* 
tical  walls.   It  has  been  befere  stated,  that  these 
vertical  walls  are  called  d^kes.    The  dykes  that 
intersect  coal  strata  have  been  noticed  in  the  preceding 
chapters ;  other  phenomena  presented  by  basaltic  or 
trap  rocks  and  tlykes,  which  indicate  tlicir  igneous 
origin  remain  to  be  described. 

Trap  dykes  and  basalt  dykes  arc  generally  harder 
than  the  rocks  that  they  intersect ;  and  when  the 
latter  are  partly  decomposed  often  remain,  forming 
vast  walls  of  stone,  that  rise  above  the  surface  of 
the  ground.   There  are  walls  of  this  kind  in  the 
counties  of  Northumberland  and  Durham,  running 
along  the  country  several  miles.   Dykes  also  extend 
into  the  sea,  and  form  reefs  of  rocks;    and  when 
they  cross  the  beds  of  rivers,  they  form  fords,  and 
sometimes  hold  up  the  water  and  occasion  cascades, 
of  which  there  are  numerous  instances  on  the  river 
Tees.    In  the  interior  of  North  America,  basaltic 
walls  were  discovered  by  Messrs.  Lewis  and  Clark, 
of  great  extent ;  the  walls  were  composed  of  columns 
of  basalt  arranged  horizontally,  and  were  at  first  sup- 
posed to  be  artificial  constructions.   Where  basaltic 
dykes  are  of  considerable  thickness,  the  hardness  of 
the  stone  varies  in  different  parts  ;  sometimes  the 
inner  parts  are  harder,  and  sometimes  i?uller,  than 
the  outer,  the  substance  in  the  dyke  being  divided 
by  seams  or  partings.    This  may  be  distinctly  seen 
at  Coaly  Hill  near  Newcastle-u))on-Tyne,  where  a 
large  basalt  or  whin  dvke  cuts  through  the  coal  strata, 
and  rises  to  the  surmce.    The  stone  being  hard  is 

Juarried  for  the  roads  along  a  line  of  several  hun- 
red  yarcb,  forming  a  deep  trench,  sufficiently  wide 
to  admit  a  cart-road  through  the  quarry,  between  the 
sides  of  tlie  dyke. 

Q  4 


Digitized  by  Google 


CL£V£LAND  BASALT  DYKE. 


•  The  basalt  of  the  dyke  is  intersected  by  fissures, 
and  IS  divided  into  variously  shaped  masses.  In  one 
part  of  the  dyke  it  appears  to  graduate  into  an  in- 
durated ferruginous  clay,  which  is  in  some  places  di« 
vided  into  minute,  well-defined  pentagonal  prisms. 
The  dyke  had  charred  the  coal  on  each  side  of  it, 
and  rendered  it  soft  and  sooty ;  to  use  the  language 
of  a  quarry  man,  who  was  working  in  the  dyke  when 
I  visited  the  place  in  1813,  **  it  had  burned  the  coal 
wherever  it  had  touched  it."  The  same  dyke  ex- 
tends from  the  sea  to  the  western  side  of  the  county 
of  Northumberland  ^  its  termination  in  tliat  direction 
is  unknown. 

The  longest  mineral  dyke  that  has  been  traced  in 
£ngland  may  be  called  the  Cleveland  Basalt  Dyke : 
it  extends  from  the  western  side  of  Durham  to  Bar- 
wick  in  Yorkshire ;  it  crosses  the  river  Tees  at  this 
place*  and  proceeds  in  a  waving  line  through  the 
Cleveland  Hills  in  the  east  riding  of  Yorkshire,  to 
the  sea  between  Scarborough  and  Whitby.  It  rises 
to  the  surface,  and  is  quarried,  in  many  parts  of  its 
course,  for  stone  to  lay  upon  the  roads.  From  Bar- 
wick-on-the-Tees  it  may  be  traced,  in  an  easterly 
direction,  near  the  villages  of  Stanton,  Newby,  Nun- 
thorp,  and  Ay  ton.  At  Langbath-ridge  a  quarry  is 
worked  in  it ;  it  passes  south  of  the  remarkable  hill 
called  Roseberry  Toppin,  near  Stokesly,  and  from 
thence  by  Lansdale  to  Kildale ;  it  may  be  seen  on 
the  surface  nearly  all  the  way  in  the  above  track. 
From  Kildare  it  passes  to  Denbigh  Dale  end«  and 
through  the  village  of  Egton-bridge,  and  hence  over 
Leace-ridge  through  Gothland,  crossing  the  turn-pike 
road  from  Whitby  to  Pickering  near  the  seven  mile 
stone,  at  a  place  called  Sillow  Cross  on  a  higli  inoor. 
1  examined  it  at  this  place,  where  it  is  quarried  lor 
the  roads,  and  is  about  ten  yards  wide.  From  hence 
it  may  be  traced  to  Blea  Hill  near  Harwood  Dale,  in 
a  line  towards  the  sea,  near  which  it  is  covered  with 
alluvial  soil ;  but  there  can  be  little  doubt  that  it  ex- 
tends into  the  German  Ocean.    It  is  a  dark  greyish 
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brown  basalt  which  turns  brown  on  exposure  to  the 
atmosphere  ;  it  is  the  principal  material  for  mending 
the  roads  in  the  district  called  CleveUod.  I  am  in- 
debted to  Mr.  Bird  of  Whitby  for  an  account  of  the 
ntnations  where  it  may  be  seen  on  the  surface.  He 
has  traced  it  through  Yorkshire  and  Durham ;  in  the 
latter  county  it  cuts  through  the  coal  strata.  Pro- 
fessor Sedgwicky  in  a  valuable  paper  on  the  Trap 
Dykes  of  Yorkshire  and  Durham,  published  since 
this  account  of  the  Cleveland  Basalt  Dyke  was  ori- 
ginally written,  says  that  the  contiimity  of  this  dyke 
with  others  west  of  the  Tees,  is  not  fully  ascer- 
tained: he  thinks  the  length  of  the  dyke  maybe 
estimated  at  from  fifty  to  sixty  miles.  The  course 
of  this  dyke  is  marked  in  the  Geological  Map  of 
Endandy  Plate  IV.  By  consulting  the  large  maps 
of  England,  the  course  may  be  distinctly  tracea ; 
dmwing  a  line  in  the  direction  from  Cockfield  in  the 
county  of  Durham  to  Barwick-on-the-Tees,  and  ex- 
tending the  line  cast  and  west,  it  will  pass  near  all 
the  places  above  mentioned.  In  some  situations 
where  the  angle  in  which  this  dyke  cuts  the  sti'ata 
can  be  ascertained,  it  is  about  eighty  degrees. 

A  circumstance  attending  tiiis  and  other  extensive 
dykes,  which  has  noty  I  believe,  been  hitherto  re* 
garded  by  geologistSy  completely  invalidates  the 
theory,  that  dvkes  were  originally  open  fissures 
fimned  by  the  drying  or  shrinking  m  of  the  rocks. 
This  dyke  in  its  course  intersects  very  different  form* 
ations,  viz.  the  transition  or  metaliiierous  limestone, 
the  coal  district,  and  the  upper  secondary  strata  of 
lias  and  oolite.  The  different  organic  remains  in 
these  forniations,  as  well  as  their  position,  prove  that 
they  were  consolidated  at  distant  periods  of  time. 
Indeed  the  geologists  who  maintain  that  dykes  were 
formed  as  before  described,  are  ready  to  admit  the 
distant  ssras  of  these  formations.  The  transition,  or 
metalliferous  limestone,  and  the  lower  strata  must 
have  been  completely  consolidated,  long  before  the 
upper  secondary  strata  were  deposited  ^  and  the 
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causes  which  might  dispose  the  upper  strata  to  shrink 
in,  cannot  be  supposed  to  act  on  the  lower  rocks.  It 
is  also  to  be  remarked,  that  in  the  lower  rocks,  situ- 
ated to  the  west,  the  breadth  of  this  dyke  is  more 
than  twenty  yards;  but  at  Sillow  Cross,  where  I 
measured  it»  it  is  not  more  than  ten  yards :  this  dyke 
musty  therefore,  become  wider  as  it  descends.  It 
must  also  have  been  filled  with  basalt  at  the  time  of 
its  formation,  otherwise  it  would  have  contained  nu- 
merous  fragments  of  the  rocks  which  it  intersects. 

Tlie  effects  of  this  basaltic  dyke  on  the  different 
rocks  through  which  it  passes  are  truly  deserving  no- 
tice. When  it  conies  in  contact  with  limestone,  the 
limestone  is  often  found  granular  and  crystalline,  a 
fact  the  geological  importance  of  which  will  be  sub* 
sequently  adverted  to.  Where  it  crosses  the  coal 
litrata,  and  comes  in  contact  with  the  seams  of  coal, 
the  substance  of  the  coal  is  for  several  feet  converted 
into  soot«  At  a  greater  distance  from  the  basalt*  the 
coal  is  reduced  to  a  coke  or  cinder,  which  burns 
without  smoke,  and  with  a  clear  and  durable  heat. 
At  the  distance  of  fifty  feet  from  the  dyke,  the  coal 
is  found  in  its  natural  unaltered  state.  It  is  particu- 
larly remarkable  that  the  roof  immediately  over  the 
coal  is  lined  with  bright  crystals  of  sulphur.  la  some 
situations  in  the  same  county,  the  shale,  in  contiguity 
with  basaltic  dykes,  is  converted  into  flinty  slate  or 

1*asper,  and  the  sandstone  is  changed  to  a  brick  co- 
our.  There  is  another  great  basaltic  dyke  in  the 
same  district,  which  crosses  the  western  extremity 
of  Durham  tioiii  Allenhcads  to  Burtreeford  on  the 
river  Tees,  hence  called  the  Burtreeford  Dyke.  It 
throws  down  the  strata  on  the  west  side  of  it,  one 
hundred  and  sixty  yards. 

Dykes,  being  generally  impervious  to  water,  they 
obstruct  its  passage  along  the  porous  strata,  and 
occasion  it  to  rise ;  hence  it  frequently  happens  that 
numerous  springs  make  their  appearance  along  the 
course  of  a  dyke,  by  which  it  may  be  detected,  when 
there  is  no  other  indication  of  it  visible  on  the  sur* 
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face.  Some  thermai  springs  rise  from  the  vicinity  of 
basaltic  dykes. 

Basaltic  dykes  intersect  both  primary  and  second- 
anr  rocks,  but  they  every  where  present  indications 
of  their  action  on  the  adjacent  rocks.  At  Nigg, 
near  Aberdeen,  I  examined  a  basaltic  dyke  on  Ui  e 
coast,  which  intersects  a  rocfc  composed  of  gneiss ; 
the  dyke  is  about  thirty  feet  in  width.  Where  the 
basalt  is  in  contact  with  the  gneiss,  it  becomes  nearly 
compact,  and  approaches  to  the  character  of  horn- 
stone,  and  the  gneiss  has  a  red  and  burnt  appear- 
ance, approaching  in  its  nature  to  porphyry.  It  is 
probable  that  the  action  of  the  basalt  on  the  sides  of 
the  gneiss  rock  had  softened  it  and  rendered  it  more 
liable  to  disintegrate  tlian  the  other  parts ;  tor  the  sea 
has  here  made  an  indentation  inland,  forming  a  deep 
narrow  ravine  or  bay,  with  a  lofty  wall  of  basalt  running 
through  it  The  wall  of  basalt  completely  divides  the 
bay,  and  the  sea  enters  on  both  sides  of  the  basalt. 
It  has  been  before  observed,  that  wlicn  basaltic  dykes 
extend  into  the  sea,  they  form  reefs  of  rocks,  and 
small  islands.  These  basaltic  walls,  whether  rising 
above  the  surface  of  the  country,  or  extending  into 
the  sea,  serve  to  mark  the  destruction  of  the  land  ; 
for  we  are  certain  that  these  walls  of  mineral  matter, 
were  at  one  period  supported  on  each  side  by  rocks 
or  strata  which  they  have  intersected,  but  which  are 
now  worn  away.  The  Cleveland  basalt  dyke,  it  has 
been  stated,  cuts  through  the  transition  umestone ; 
the  coal  strata,  and  the  upper  secondary  strata,  com- 
prising a  part  of  the  oolite  Ibrmation. 

The  constant  occurrence  of  dykes  in  basaltic  dis- 
tricts,  gives  a  high  degree  of  probability  to  the  opi. 
nion,  that  overlying  unconformable  trap  rocks,  have 
been  erupted  through  these  dykes  in  a  melted  state 
like  lava,  and  have  been  poured  over  the  surface 
of  the  ground. 

There  are  however  some  districts  in  which  basaltic 
beds  occur,  where  no  connection  between  these  beds 
and  basaltic  dykes  have  yet  been  discovered  ^  proba- 
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bly  because  due  investigation  had  never  taken  place. 
"  The  Titterstone  Clee  hill  is  the  highest  mountain 
**  in  Sliropshire.    Its  summit  is  covered  with  basalt, 
•*  provincially  called  Jew-stone  :  detached  blocks  of 
**  basalt  are  scattered  over  its  sides.    A  mass  of 
basalt  from  fifty  to  sixty  feet  in  thickness  is  con* 
♦*  cealed  under  the  surface.    Around  the  hill  are  se- 
vend  small  coal  fields  arranged  in  basiD-shaped 
concainties.    I  visited  this  hill  in  1811*  The 
"  existence  of  basaltic  blocks  and   beds  in  such 
«*  an  elevated  situation,  remote  from  other  basaltic 
•*  districts  excited  my  surprise,  but  1  found,  from  the 
•*  evidence  of  respectable  miners,  that  a  vast  fissure 
**  or  dyke,  more  than  100  yards  wide,  filled  with 
basalt,  intersected  the  bill,  and  cut  through  the 
small  coal  fields.   It  rises  from  an  unknown  depth : 
where  it  comes  in  contact  with  the  coal,  it  has 
«  injured  its  quality,  and  reduced  it  to  a  sooty  state. 
There  can  scarcely  be  a  doubt  that  this  basalt,  like 
fluid  lava,  forced  a  passage  for  its  eruption,  where 
the  basaltic  dyke  at  present  rises  near  the  surface." 
Litrodticiion  to  Geolo<ri/,  first  edition,  1813,  p.  124.* 
A  similar  instance  of  a  bed  of"  basalt,  formed  by  the 
expansion  of  a  dyke,  is  described  by  Professor  Sedg- 
wick, in  the  Transactions  ot  the  Cambridge  Philoso- 
|p>hical  Society.    In  this  instance  both  the  dyke  and 
Its  expansion  are  exposed  to  view  in  a  stone  quarry. 
«*  in  the  quarries  now  excavating  near  Bolam,  the 
vertical  dylce  is  unusually  contracted  in  its  dimen- 
sions ;  but,  on  reaching  the  surface,  it  undergoes  a 
great  lateral  extension,  especially  on  the  south-west 

*  The  account  ot  this  dvkc,  given  in  the  first  and  second 
editions,  having  been  doubted  by  a  geologist  who  htd  never  visited 
tlie  place,  it  was  omitted  in  the  third  and  fourth  editions.  The 
leading  facts  above  stated  have  since  been  satisfiustorily  ascertained, 
and  tlie  occurrence  of  the  dyke  having  been  claimed  as  a  new 
discovery,  the  author  was  advised  to  introduce  his  original 
de8crij)tioi)  in  the  present  edition.  The  plate  wliich  accompanied 
it  is  onnttcd,  but  the  section  of  a  busaUic  dyke  in  Clevehuul  by 
Professor  Sedgwick  (see  page  237)  will  sufficiently  represent  the 
stnioture  and  expansion  oifme  hasaltic  dyke  at  the  Clee  Hills. 
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side,  so  that  the  works  are  conducted,  in  a  perpendi- 
cular face  of  columnar  trap,  more  than  two  hundred 
feet  wide."  The  drawing  below  (copied  from  that 
of  Professor  Sedgwick)  will  give  a  distinct  idea  of 
this  mode  of  formation.  It  may  be  proper  to  observe, 
that  the  dyke  is  a  continuation  of  the  Cleveland  ba- 
salt dyke,  which  I  have  before  described.  The  hori- 
zontal measures  through  which  it  passes  are  coal 
measures. 


There  can  be  no  more  doubt  respecting  the  cap  or 
expansion  of  basalt  having  been  erupted  through  the 
dyke,  than  there  can  be  of  the  origin  of  a  bed  of 
lava,  which  may  be  traced  to  the  mouth  of  an  adja- 
cent volcano. 

Beds  of  trap  or  basalt,  interstratified  with  other 
rocks,  have  given  rise  to  much  speculation  respecting 
their  origin :  that  such  beds  are  not  unf^equent  in 
the  coal  measures  is  a  fact  well  known  to  miners  in 
the  North  of  England.  From  the  great  hardness  of 
trap  beds  (provincially  called  beds  of  whinstone) 
they  increase  the  difficulty  and  expense  of  sinking 
shafts.  These  interstratined  masses  have  been  fre- 
quently described  as  regular  measures  or  strata. 
There  is  a  thick  bed  of  trap  in  some  of  the  coal-fields 
in  Durham,  called  the  Great  Whinstone  Sill ;  the  word 
sill  being  used  for  stratum  by  Mr.  VVestgarth  Forster, 
in  his  section  of  these  strata  published  in  1809.  This 
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bed  or  mass  of  whinstone,  though  described  by  Mr. 
Forster  as  a  regular  stratum  with  the  series  of  strata 
in  which  it  occurs,  is  admitted  to  vary  in  thickness 
from  twelve  to  sixty  yards.  It  is  found  at  a  great 
depth  in  some  mines,  in  other  situations  it  rises  to 
the  surface.  An  objection  has  been  suggested,  if 
this  bed  be  of  igneous  origin,  in  what  manner  did  it 
become  interstratified  with  beds  that  are  evidently 
aqueous  depositions?  Those  who  first  raised  this 
objection  could  scarcely  have  kept  in  mind*  that 
every  bed  in  the  whole  series  of  the  coal  measures 
was  once  the  upper  surface  of  the  solid  ground, 
whether  that  surface  was  covered  with  water,  or  was 
dry.  An  eru])tion  of  lava  might  therefore  How  over 
any  particular  bed  in  the  whole  series,  and  this  lava 
might  become  covered  by  subsequent  aqueous  depo- 
sitions. But  there  is  another  mode  in  which  the  lava 
might  be  introduced  among  the  strata  at  a  later 
period;  it  might  be  protruded  laterally  between 
them.  That  such  lateral  protrusions  have  actually 
taken  place  in  some  instances*  is  proved  by  Dr.  Mac- 
-  CuUoch's  observations  on  the  coast  of  Scotland, 
where  trap  may  be  seen  forming  beds  between  strata 
of  sandstone,  then  suddenly  cutting  through  the 
upper  strata  and  forming  other  beds  above.  See 
Plate  III.  fig.  3.  where  strata  of  sandstone  are  inter* 
sected  vertically  by  a  dyke  of  basalt,  and  laterally  by 
nearly  horizontal  beds  of  the  same  basalt.  Professor 
Sedgwick  has  bestowed  much  labour  in  investigating 
the  true  position  of  the  Great  Whinstone  Sill,  and  its 
relations  to  the  different  strata  in  its  vicinity,  and  has 
given  a  very  luminous  and  satisfactory  description  of 
the  remarkable  phenomena  which  it  presents,  proving 
unanswerably  the  igneous  origin  of  this  rock. 

It  would  be  doing  great  injustice  to  this  valuable 
paper»  to  attempt  an  abridgment  of  the  detail  of  in* 
teresting  facts  and  arguments  which  it  contains :  I 
shall  briefly  recapitulate  some  of  the  observations. 
The  whin  sill  is  not  a  r^ular  bed  interposed  between 
the  same  strata  in  different  parts  of  its  range,  but  it 
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cuts  through  or  overlies  very  different  strata.  It  has 
had  an  extraordinary  effect  in  converting  beds  of 
shale,  on  which  it  Hes,  into  a  porous  slagg;  and 
where  the  whin  sill  comes  in  contact  with  limestone, 
the  limestone  is  converted  into  a  dull  white  granular 
and  crystalline. mass.    (Query  Dolomite/') 

This  conversion  takes  place  not  only  in  the  sub-^ 
jacent  limestone^  but  sometimes  on  the  limestone 
which  covers  the  whin  sill, — a  Act  deserving  par- 
ticular attention,  as  it  indicates  that  the  whin  sill  was 
protruded  between  the  beds  of  limestone,  otherwise 
It  could  scaroely  have  produced  any  chemical  or  me- 
chanical change  on  tlic  upper  bed  of  limestone.  •  In 
some  parts,  beds  of  limestone  are  seen  bent  upwards 
and  imbedded  in  the  w  hin  sill :  indeed  Professor 
Sedgwick  thinks  it  probable,  that  the  whin  sill  was 
produced  by  a  lateral  injection  of  volcanic  matter,  in 
a  state  of  ia"neous  fusion. 

The  beds  of  trap  or  toadstone,  imbedded  in  the 
mountain  limestone  of  Derbyshire,  were  supposed  by 
Mr*  Whitehurst  to  have  been  protruded  or  driven, 
in  a  melted  state,  between  the  strata :  this  opinion 
was  chiefly  founded  on  the  belief  that  the  metallic 
veins,  which  cut  through  the  limestone^  1*  S.  3.  do 
not  pass  into  the  toadstone,  (see  Plate  IV.  fig* 
they  were  therefore  supposed  to  have  been  broken 
through,  when  the  latter  beds  were  protruded.  It 
has,  however,  since  been  discovered,  that  the  veins 
do  often  pass  into  the  toadstone,  though  they  seldom 
bear  ore  in  this  rock  ;  hence  the  conclusion  of  Mr. 
Whitehurst  was  deprived  of  its  main  support.  Sub- 
sequently, Mr.  Farey,  in  his  survey  of  Derbyshire, 
misled  by  an  attachment  to  theory,  described  the 
beds  of  toadstone  as  regular  strata,  preserving  their 
thickness  and  continuity  through  the  Peak  of  Derby- 
shire. This  is  by  no  means  the  case  ;  the  beds  of 
toadstone  are  extremely  variable  in  their  thickness 
and  order  of  succession,  and  the  intermixture  of  green- 
earth,  toadstone,  and  limestone,  near  the  junction  of 
toadstone  with  the  limestone  beds,  certainly  favours 
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Mr.  Wliitehurst's  original  theory  of  protrusion  ;  but 
this  protrusion  took  place  before  the  formation  of 
metallic  veins,  and  might  be  the  cause  of  tliose 
fissures  in  which  the  veins  were  formed.  It  is  not 
improbable  that  some  of  the  more  regular  beds  of 
toadstone  may  have  flowed  as  lava.  Professor  Sedg- 
wick justly  observes^  that  our  reluctance  to  admit 
the  theory  of  protrusioiD  arises  from  the  difficult  of 
conceiving  any  powers  in  nature  adequate  to  produce 
such  an  eflfect.  But  all  the  phenomena  of  Geology 
show,  that  the  great  disturbing  forces  by  which  the 
crust  of  the  globe  has  been  modified,  acted  in  former 
times  with  incomparably  more  energy  than  they  do 
at  present.  Volcanic  forces  are  now  employed  in 
lifting  a  column  of  melted  lava  to  the  lip  of  a  crater. 
The  same  kind  of  forces,  acting  with  nM>re  energy 
and  through  a  wider  region,  may  in  the  early  history 
of  the  globe,  have  been  employed  in  lifting  islands 
and  even  continents  from  the  bottom  of  the  ocean. 
During  an  operation  like  this,  the  dastic  forces, 
acting  from  below,  may  often  have  driven  masses  d 
fluid  lava  among  the  superincumbent  strata;  and,  in 
every  case,  the  lava  would  naturally  be  propelled 
through  those  portions  which  were  most  easily  pene- 
trated—  the  lateral  must,  at  every  point,  have  been 
equal  to  the  vertical  pressure.  The  expansive  forces 
may  not  at  any  point  have  been  able  to  drive  a 
column  of  lava  through  all  the  solid  unbroken  beds, 
but  the  lateral  forces  may  have  driven  a  portion  of 
the  fluid  between  the  partings  of  two  horizontal 
beds ;  and  when  a  penetration  of  this  kind  was  once 
effected,  the  lava  would  act  like  a  wedge  to  mecha- 
nical advantage,  and  rush  in  an  horizontal  stream  to 
a  distance  proportioned  to  the  elastic  forces  which 
were  in  action,"  • 

♦  It  may  be  proper  to  mention,  that  Mr.  William  Hutton,  in 
a  paper  read  to  the  Geological  Society  of  London,  maintains, 
that  the  great  bed  of  hasalt  in  Northumberland,  called  the  whin- 
Bton  silli  was  deposited  over  the  limeBtone  beds  on  which  it  rests, 
and  not  protraded  laterally  between  them :  though  he  allows  with 
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The  formation  of  basaltic  dykes  is  sufficiently 
explained  by  what  takes  place  in  the  vicinity  of  voU 
canoes*  Before  the  connned  vapour  that  afterwards 
issues  through  the  crater  finds  a  vent  there,  the  sur. 
lace  of  the  ground  in  the  vicinity  of  the  volcano  is 
frequently  upheaved,  and  fissures  of  great  extent  are 
made,  into  which  melted  lava  is  sometimes  forced, 
which,  on  cooling,  forms  a  wall  or  dyke,  in  every 
respect  similar  to  a  basaltic  dyke.  During  an 
eruption  of  Vesuvius,  in  1794*,  a  reftt  of  this  kind 
was  formed  near  the  bottom  of  the  mountain, 
feet  in  length  and  237  feet  in  breadth,  winch  became 
filled  with  compact  lava.  Rents  or  fissures  of  some 
miles  in  length  have  been  opened  on  the  sides  of 
Etna»  There  is  abundant  evidence  to  prove,  that 
most  basaltic  rocks  were  erupted  under  the  pressure 
of  tlie  ocean ;  and  it  is  probably  owing  to  circumstances 
attending  their  rcfi  igeraiion,  tiiat  they  have  ticquentiy 
a  columnar  structure. 

The  occurrence  of  thick  beds  of  basalt,  divided 
into  regular  pentagonal  or  hexagonal  columns,  and 
disposed  in  ranges  of  vast  extent  and  height,  could 
not  fail  to  arrest  the  attention  of  the  most  care- 
less observer,  and  give  rise  to  speculations  respect* 
log  their  origin  and  formation.  Basaltic  columns 
are  frequently  seen  in  countries  that  are  the  seat  of 
volcanic  fires,  but  they  occur  also  in  countries  very 
remote  from  any  active  volcanoes.  The  theories 
respecting  their  fiarmation  will  be  subsequently  ad- 
verted  to. 

Pew  countries  in  the  world  present  more  magnifi- 
cent basaltic  columnar  ranges  than  the  north  part  of 
Ireland,  and  some  of  the  Hebrides.:  probably  these 


Professor  Sedgwick,  that  tiie  basaltic  beds  in  Teesdale  were  pro> 
traded  in  Uie  manner  before  described.  Mr.  Hutton  admits,  that 
in  some  instances  the  limestone  over  the  basalt  had  suffered  the 
same  e^cts  of  igneous  action  as  the  limestone  below  it.  These 
instances,  I  think,  afford  sniisfaetory  evidence,  that  the  basalt  was 
protruded  between  the  beds  of  limestone. 
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are  connected  under  the  ocean,  and  have  had  the 
same  origin. 

The  Giant's  Causeway  constitutes  a  small  part  of 
a  vast  basaltic  range,  along  the  north  coast  of  Ireland, 
in  the  county  of  Antrim.  The  part  originally  called 
the  Causeway,  is  a  range  of  basaltic  columns,  prcgect* 
ing  from  the  base  of  a  steep  cliff,  some  hundred  feet 
into  the  sea ;  but  the  Giant's  Causeway,  is  more  gene- 
rally understood  to  comprise  all  the  lofty  ranges  of 
columnar  basalt,  extending  from  the  two  promonto- 
lies  of  Ik'iigoie  and  Fairhead,  about  eight  miles. 
The  clifi's  or  capes  consist  of  various  ranges  of  pillars 
and  horizontal  beds,  which  rise  from  the  sea  to  the 
height  of  five  hundred  feet.  From  their  elevation 
and  abruptness  they  are  very  conspicuous,  and  form 
a  pile  of  natural  architecture,  in  which  the  regularity 
of  art,  appears  united  with  the  wild  grandeur  and 
magnificence  of  nature.  Many  of  the  columns  at 
fairhead  are  from  one  hundred  and  fifty  to  two  hun- 
dred feet  in  height,  and  five  feet  in  diameter.  At  the 
base,  along  the  shore,  is  a  wild  waste  of  rocky  frag- 
ments, that  have  fallen  from  the  ctiiK. 

At  the  part  properly  called  the  Causeway,  the 
columns  rarely  exceed  one  foot  in  diameter,  and  thirty 
feet  in  height.  They  arc  sharply  defined,  and  the 
columns  are  divided  into  blocks  or  prisms  of  one  foot 
or  more  in  length,  which  fit  neatly  into  each  other, 
like  a  ball  and  socket.  The  basalt  is  close-grained, 
but  the  upper  joint  of  each  prism  is  cellular.  The 
columns  have  most  fiequently  five  or  six  sides;  some 
have  seven  or  eight  sides,  and  others  not  more  than 
three. 

At  the  clif(  called  the  Pleaskin,  the  two  upper 
beds  of  columnar  basalt  are  the  most  perfect.  The 
uppermost,  at  the  height  of  four  hundred  feet  above 
the  sea,  is  covered  bv  a  bed  of  amorphous  basalt^ 
about  ten  feet  in  thickness.  The  bed  of  basalt  be- 
neath, consists  of  a  regular  range  of  columns,  about 
sixty  teet  in  height.  This  magnificent  colonnade  rests 
upon  an  irregular  bed  ol'vebiculur  basalt;  below  this 
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h  a  range  of  sharply  defined  columnsi  fiom  forty  to 
fiftj  feet  in  height*  This  range  rests  on  a  bed  of  red 
ferruginous  clay  or  ochre,  from  which  the  cliff  sieves 
to  the  sea,  for  the  space  of  two  hundred  feet  Though 
only  two  complete  ranges  of  pillars  are  visible  in  any 
of  the  promontories,  yet  Dr.  Hamilton  observes, 
that  there  may  be  many  more  in  succession  at  various 
depths. 

The  columns  at  Fairhead  are  not  articulated  like 
those  of  the  Giant's  Causeway.  The  blocks  of 
which  they  are  composed  are  of  great  length,  and  are 
flat  at  their  extremities.  It  is  remarkable  that  these 
basaltic  ranges  are  intersected  by  narrow  dykes  of 
basalt,  which  consist  of  basaltic  prisms,  lying  hori- 
zontally. The  basalt  of  Antrim,  appears  to  extend 
along  the  coast,  and  inland  about  forty  miles  ^  it  is 
twenty  miles  in  breadth. 

Basaltic  dykes,  of  great  magnitude  and  length, 
range  east  and  west  in  the  province  of  Connaught, 
and  are  probably  connected  with  the  basalt  of  Antrim. 
The  basaltic  tbrmation  extends  northward  to  the 
iakind  of  Rathlin,  and  it  may  be  conjectured  that  it 
ranges  under  the  sea,  and  is  connected  with  the  ba- 
saltic islands  in  the  Hebrides. 

Ranges  of  columnar  basalt  have  been  discovered 
in  the  interior  of  Antrim.  In  some  parts  the  columns 
rest  on  a  bed  of  lignite  or  wood-coal,  which  is  ex- 
tremely hard  and  brittle,  where  it  is  in  contact  with 
the  basalt.  Most  probably  the  coal  was  submerged 
under  the  ocean,  when  the  bed  of  basalt  covered  it. 
Messrs.  Buckland  and  Conybeare,  published  a  very 
instructive  account  of  the  geology  of  this  part  of 
Ireland,  in  the  4th  Vol.  of  the  Geological  Trans- 
actions, from  which  we  first  learned  the  true  cha- 
racter of  the  secondary  strata  (associated  with  the 
basalt),  which  are  lias  and  chalk.  In  one  part,  a  dyke 
of  basalt  passes  through  the  chalk,  which  becomes 
crystallised  on  each  side  of  tlie  dyke. 

The  basaltic  columns  of  the  Island  of  Staffu  are 
too  well  known  to  require  a  description  ^  but,  accord- 
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ing  to  Dr.  Mac  Culloch,  the  columns  which  form  the 
lofty  promontory  called  the  Scuire  of  £cg,  another 
of  the  Hebrides^  exceed  in  grandeur  and  in  pictur- 
esque efiect  those  of  Stafla :  they  are  formed  of  black 
pitchstone,  containing  crystals  ot*  glossy  felspar. 
"  The  promontory  rests  on  a  bed  of  comract  grey 
limestone,  approaching  to  a  stone  marie.  This  bed, 
which  is  three  or  four  feet  thick,  rests  on  a  still  lower 
bed  of  hard  reddish  stone.  Masses  of  bituminised 
wood,  penetrated  with  carbonate  of  lime,  are  ibund 
in  the  marl  stratum,  not  at  all  flattened.  Portions 
of  trunks  of  trees,  retaining  their  original  shape,  but 
petrified  (silicified),  are  found  in  the  same  stratum ; 
the  rifts  are  filled  with  chalcedony,  approaching  in 
aspect  to  semi-opal.  The  columns  on  tnis  island  are 
both  pei-pendicular  and  inclined,  and  some  of  them 
are  bent  or  curved,** 

In  various  parts  of  Scotland  and  the  Hebrides, 
the  tcntlency  to  a  columnar  arrangement  in  the  ba- 
saltic rocks  may  be  distinctly  seen  :  it  is  obscurely 
developed  in  tlie  basalt  of  Arthur's  Seat  near  Edin- 
burgh. The  basalt  of  this  iiill  appears  identical 
with  some  of  the  volcanic  mountains  I  examined  in 
Auvergne»  particularly  near  the  summit  of  Monta* 
douxt  a  mountain  near  Clermont 

In  England  the  columnar  structure  of  some  -of  the 
basaltic  and  trap  rocks  is  observable  in  the  northern 
counties,  particularly  on  the  banks  of  the  river  Tees 
and  at  »S  wart!  if  el  I  near  Ulswater.  In  some  of  the 
basaltic  hills  near  Dudley,  the  columnar  structure  is 
developed,  but  the  columns  are  not  separated  and 
well  defined.  Prismatic  blocks  of  sienite  are  scat- 
tered over  a  hill  of  sienite  called  Marktield  Knowiy 
at  Charnwood  Forest  in  Leicestershire. 

Columns  of  porphyritic  trap  or  greenstone  occor 
in  groups,  on  the  northern  side  of  Cader  Idris  in 
Merionethshire.  One  of  these  columnar  groups  is  re> 
presented  Plate  V.  fig.  ].;  the  outNne  of  the  columm 
was  taken  with  a  camera  lucida  by  Henry  Strutt,  Esq. 
of  Derby,  and  cannot  fail  to  he  correct  j  the  figure 
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is  iiUroducedy  to  show  the  relative  magDitude  of  the 
columns. 

Kocka  of  trap  and  basalt,  both  in  solid  beds^  and 
also  arranged  in  columns  like  those  of  Staffa,  were 
observed  by  Sir  G.  Mackenzie  on  the  coast  of  Ice- 
hnd,  and  also  in  the  interior ;  the  lower  parts  of  the 
beds  and  columns  contained  scoriss  and  slags,  and 
empty  cavities.  A  successive  range  of  beds  of  basalt 
was  also  observed  alternating  with  beds  of  tufa,  the 
lower  parts  of  which  presented  the  same  appearance 
of  tlie  action  of  fire. 

From  the  situation  of  these  rocks,  and  from  the 
existence  of  submarine  volcanoes  near  Iceland,  Sir 
G.  Mackenzie  conceives,  that  these  beds  of  basalt 
were  formed  under  the  sea  by  the  ejection  of  lava, 
which,  fiowit^  over  the  moist  submarine  ground, 
would  confine  a  portion  of  water  beneath  the  melted 
mass:  this  water  would  be  converted  into  elastic 
vapour,  or  steam,  which  would  endeavour  to  expand : 
but  where  the  superincumbent  j)rcssure  of  the  ocean, 
or  the  tenacity  of  the  lava,  prevented  its  escape,  it 
would  be  compressed,  and  form  cavities,  or  air  bub- 
bles, at  the  bottom  of  the  melted  mass.  In  other 
instances,  where  the  fluidity  of  the  lava  permitted  the 
steam  from  beiow  to  escape  through  it,  the  mass 
would  be  compact,  and  form  solid  basalt  or  green- 
stone. It  might  sometimes  happen,  that  water  would 
be  inclosed  in  the  cavities  of  the  mass,  which  is  found 
to  be  the  case  in  some  basalt  rocks.  Thus,  accord* 
ing  to  the  different  circumstances  of  pressure  from 
tiie  depth  of  the  ocean,  and  from  the  tenacity  of  the 
melted  mass,  Sir  G.  Mackenzie  supposes  that  porous 
and  vesicular  lava,  or  compact  basalt,  might  be 
formed  from  the  same  eruption ;  or  the  mass  might 
be  porous  below,  and  compact  above. 

Aa  Iceland  is  at  present  the  seat  of  active  volca* 
noes,  and  as  submarine  volcanoes  arc  forming  rocks 
near  the  shores  of  that  island,  Sir  George  Macken- 
zie^ explanation  of  the  causes  which  have  produced 
the  various  appearances  in  the  basaltic  ranges  of  that 
island,  seems  highly  probable. 
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In  Sicily,  the  connection  of  basaltic  with  volcanic 
rocks,  has  been  clearly  established  by  Ferrara,  pro- 
fessor of  Natural  Philosophy  at  Catania. 

Beside  the  columnar  form  common  to  many  basal* 
tic  rocks,  basalt  sometimes  presents  a  globular  struc- 
ture, with  concentric  laminas :  such  globular  masses 
consist  of  hard  basalt,  and  are  often  imbedded  in 
softer  basalt  or  wacke. 

Wacke  or  earthy  basalt  is  frequently  cellular,  and 
the  cavities  are  generally  filled  with  nodules  of  agate, 
or  with  zeolite  or  calcareous  spar.  The  agates  are 
composed  of  concentric  layers,  and  have  apparently 
been  formed  by  siliceous  infiltration,  depositing  suc- 
cessive coats  within  each  other,  until  the  cavity  is 
filled  up.  Basaltic  rocks  of  this  kind  are  called 
amygdaloids.  The  Hill  of  Kinnoul,  in  the  vicinity 
of  Perth,  is  formed  of  basaltic  amygdaloid,  contain- 
ing agate  nodules  in  great  abundance,  of  various  di- 
mensions and  beautifully  striped.  At  Woodford 
Bridge,  in  Gloucestershire,  there  is  a  low  rock  of 
amygdaloidal  wacke,  whicii  is  much  intermixed  with 
green  earth,  and  has,  in  some  parts,  a  saponaceous 
feel;  the  agates  which  it  contains  are  decomposing, 
and  the  inner  concentric  layers  are  separated  from 
each  other,  and  present  the  appearance  of  edges  of 
folded  paper,  with  small  interstices  between  each*  I 
examined  this  singular  rock  in  1816;  it  was  then 
quarried  for  stone  to  mend  the  roads.  In  some  parts 
of  the  rocbs  I  found  masses  of  corallite  of  consider- 
able size,  enveloped  in  the  basaltic  amygdaloid.  I 
found  aLso,  in  this  rock,  well-defined  groups  of 
prehnite,  which  was  not  then  known  to  be  an  Ku- 
giish  mineral :  it  has  since  been  discovered  in  tlie 
basalt  of  Staffordshire. 

The  occurrence  of  organic  remains  enveloped  in 
basalt,  of  which  tliere  are  various  instances,  may  ad- 
mit of  an  easy  explanation^  if  we  allow  that  basalt 
has  once  flowed  like  lava  at  the  bottom  of  the  ocean. 
Modern  lavas^  often  envelope  bones  and  other  sub- 
stances tliat  they  meet  with  in  their  course. 
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Having  before  described  the  phenomena  presented 

by  imbecmed  trap,  which  indicate  that,  in  some  in- 
stances, it  has  been  protruded^between  regular  strata 
laterally,  it  will  be  useful  to  cite  an  instructive  example 
of  beds  of  trap  alternating  witli  limestone,  by  suo 
cessive  deposition,  which  is  stated  by  Dr.  Daubeny, 
the  present  chemical  professor  at  Oxford,  in  an 
interesting  sketch  of  the  Geology  of  Sicily,  The 
facts  seem  clearly  to  ascertain,  that  beds  of  amygda- 
loidal  trap»  alternating  with  beds  of  limestone^  have, 
in  that  island  at  least,  been  formed  by  successive 
currents  of  lava  flowing  over  the  bed  of  the  sea,  at 
intervals  of  time  so  distant,  as  to  allow  the  deposition 
or  formation  of  a  bed  of  limestone,  over  each  current 
of  lava.  A  considerable  district  near  Lentini,  on  the 
southern  side  of  Mount  Etna,  and  also  a  part  of  the 
island  near  Cape  Passero,  are  composed  of  alternating 
beds  of  lava,  with  tertiary  limestone  abounding  with 
organic  remains  of  madreporites,  nummulites,  cerithea, 
and  the  remarkable  fossil  called  the  Hippurite.  Santa 
Venera,  the  loftiest  mountain  in  the  south  of  the 
island,  is  capped  with  cellular  lava  \  beneath  it  is  a 
bed  of  limestone  with  minute  shells ;  at  a  lower  level, 
towards  Lentini,  there  is  a  second  bed  of  volcanic 
matter  similar  to  the  first;  and  two  other  similar  al- 
ternations of  beds  of  limestone  and  lava,  occur  still 
lower  down.  Dr.  Daubeny  says  that  the  cellular  • 
and  semivitreous  aspect  of  many  of  the  volcanic  beds 
associated  with  the  beds  of  limestone,  precludes  all 
doubt  respecting  the  manner  of  their  formation :  the 
character  of  other  portions  present  strong  analogies 
to  rocks  of  the  trap  familv  \  ^  they  are  compact,  and 
have  a  stony  fracture ;  tnev  contain  crystals  of  oli- 
vine, and  the  cavities  are  filled  with  calcareous  spar 
or  zeolites,  like  the  amygdaloids  of  more  ancient 
strata.  In  some  of  tlie  beds,  a  tendency  to  a  colum- 
nar arrangement  is  discernible." 

This  account  of  Dr.  Daubeny 's  affords  additional 
proof  of  the  close  connection  of  ancient  volcanic 
rocks  with  trap  rocks,  —  may  we  not  add,  of  theijr 
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perfect  identity  ?  It  is  beside  h  ighly  illustrative  of  the 

alternation  of  the  beds  of  basaltic  amygdaloid,  with 
beds  of  limestone  in  other  situations.  But  in  both 
instances,  we  must  admit,  that  the  beds  were  formed 
under  the  ocean,  before  the  present  islands  and  con- 
tinents liad  emerged  from  the  waterv  abyss.  With 
•respect  to  Etna,  tbe  alternation  ot  lava  and  liai&. 
'Stooe  affords  decisive  evidence!  that  this  mountain 
^as  upheaved  from  the  ocean,  though  its  hei^t  may 
have  been  - augmented  by  eruptions  of  lava»  since  the 
period  of  its  first  elevation* 

Having  de9cril>ed  the  principal  phenomena  attend* 
ing  trap  rocks,  whether  occurring  in  dykes,  in  un- 
conformable masses,  or  interstratiiied  with  other 
rocks,  it  may  be  proper  to  mention  certain  experi- 
ments that  have  been  made,  to  elucidate  the  form- 
ation of  basaltic  rocks.  All  trap  rocks  are  fusible, 
and  most  of  them  form  a  blackish-green  glass  after 
melting:  hence  it  was  inferred,  that  trap  rocks  had 
fiever.been  in  a-state  of  fusion ;  for  if  they  had»  they 
would  have  been  rendered  vitreous.  Sir^iames  Hail, 
however,  reflecting  on  the  long  period  of  refrige- 
ration that  vast  masses  of  melted  rock  would  ne- 
eessardy  requuc,  belbre  they  were  cooled  to  tlie 
comnion  temperature  oi'  the  earth,  was  induced  to 
make  experiments  on  lava  and  basalt;  from  wliich 
it  was  ascertained,  that  if  a  small  portion  of  H(jiiid 
lava  were  suddenly  cooled,  it  formed  a  black  f^^Iass, 
as  was  well  .known  to  be  the  case  with  basalt,  but 
if  the  procesSiOf  cooling  were  slow,  both  melted  lava 
and  basalt  became  stone*  When  the  glass  which  had 
been  formed  by  sudden  cooling  was  melted  agahn 
and  suffered  to  cool  very  gradually,  it  lost  its  vitreous 
character,  and  was  converted  into  a  substance  resem- 
bling basalt. 

Mr.  Gregory  Watt  made  some  experiments  on 
the  fusion  and  refrigeration  of  basalt,  in  one  of  his 
father's  furnaces,  which  throws  much  additional  iiirbt 
on  tJie  fcwmation  of  the  globular  and  cohunnar  struc- 
ture of  basaltic  rocks^    He  fused  3even  hundred 
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weight  of  the  Dudley  basalt  called  Rowley  ragg, 
and  kept  it  in  the  furnace  several  days  after  the 
fire  wns  reduced.    It  melted  into  a  dark-coloured 
glass,  with  less  heat  than  was  necessary  to  melt  the 
same  quaoti^  of  pig-iron.    In  this  glass,  small  glo- 
bules were  formed,  which  afterwards  disappeared ; 
and  as  tbe  cooling  proceeded,  the  mass  was  changed 
fixnn  a  vitreous  to  a  stony  substance:  other  globes 
were  again  formed  within  the  stony  mass,  which  con* 
tinued  to  enlarge  until  their  sides  touched  and  pressed 
against  each  other,  by  which  pressure  the  globes 
formed  polygonal  prisms.    If  part  of  the  mass  were 
cooled  before  the  globular  structure  was  destroyed, 
these  globes  were  harder  than  the  surrounding  stone, 
and  broke  in  concentric  layers.    In  this  manner  the 
balls  of  basalt  and  porphyry  which  fall  out  of  decom- 
posing  rocks  were  probably  formed;  thejr  derived 
their  superior  hardness  from  the  crvstalline  arrange* 
meot  of  the  particles,  when  in  a  melted  state.  When 
these  globes  were  enlarged  by  a  continuation  of  the 
same  process,  they  might  press  on  each  other,  and 
form  prisms.    The  upper  prisms  pressing  by  their 
weight  upon  the  lower,  might  form  concavities  or 
sockets,  into  which  they  would  sink,  and  remain 
joined  together  or  articulated.    Such  is  frequently 
tbe  structure  of  basaltic  columns. 

Another  experiment,  made  by  Sir  James  Hall,  on 
the  crystallisation  of  comtiion  limestone  by  heat,  and 
its  conversion  into  marble^  tends  to  elucidate  the 
eflects  produced  b^  basaltic  rocks,  on  limestone  and 
chalk  before  mentioned.  Dr.  Button  had  advanced 
the  opinion,  that  beds  of  limestone  were  formed  of 
the  shells  and  exuviae  of  marine  animals,  which  had 
been  melted  by  central  fire,  and  crystallised.  Tlie 
first  part  of  this  theory  respecting  the  entire  form- 
ation  of  calcaroous  rocks  from  animal  remains,  it  is 
not  necessary  to  discuss  at  present :  that  a  consider, 
able  portion  of  many  limestone  rocks  were  so  formed, 
cannot  be  denied.  It  was,  however,  objected  to  this 
theory,  that  the  weU*known  action  of  fire  on  lime* 
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Stone  rocks  would  expel  the  fixed  air,  and  render 

them  soft  and  pulverulent  To  this  objection  it  was 
replied,  that  as  the  action  of  central  heat  on  beds  of 
marine  shells  took  place  under  the  ocean,  the  pres- 
sure of  the  water  would  prevent  the  escape  of  the 
fixed  air,  and  would  probably  render  the  calcareous 
earth  more  fusible.  This  answer  was  regarded  as  a 
mere  hypothesis  for  some  time»  but  Sir  James  HaU 
determined  to  try  its  validity  by  experiments.  Hav- 
ing calculated  the  resistance  which  a  column  of 
water  fifteen  hundred  feet,  or  any  given  depth,  would 
present  to  the  escape  of  fixed  air,  he  enclosed  a  quan- 
tity  of  powdered  chalk  in  a  gun  barrel,  and  confined 
it  in  such  a  manner  as  to  present  an  equal  degree  of 
resistance.  He  subjected  the  powdered  chalk  thus 
confined  to  the  action  of  a  furnace ;  after  some 
time  it  was  drawn  out  and  cooled,  and  was  found 
converted  into  crystalline  limestone  or  marble. 
In  one  instance^  where  the  chalk  enclosed  a  shell* 
tlic  shell  had  acquired  a  crystalline  texture,  without 
losing  its  form.  Hence  in  situations  where  chalk  or 
earthy  limestone  are  found  to  have  a  crystalline  tex- 
ture, when  in  contiguity  with  trap  rocks,  we  may 
infer,  with  a  high  degree  of  probability,  that  the 
limestone  had  been  fused  by  the  trap. 

A  recapitulation  of  the  facts  and  experiments 
which  prove  tiie  igneous  origin  of  trap  rocks,  would 
afibrd  a  mass  of  evidence  which  might  convince  the 
most  sceptical  inquirer ;  but  such  a  recapitulation  is 
needless,  as  in  many  situations  undoubted  currents 
of  lava  pass  into  trap  rocks,  and  we  have  ocular 
demonstration  of  the  fact 

The  reason  why  geologists  were  so  long  opposed 
to  the  igneous  origin  of  basaltic  rocks,  may  partly  be 
explained  by  the  attachment  to  received  theories,  and 
partly  by  the  reluctance  to  admit  a  condition  of  our 
planet,  so  remote  from  present  experience.  It  was 
thought  an  ample  claim  on  our  credulity,  when  we 
were  required  to  believe,  that  all  the  habitable  parts 
oi  the  globe  had  been  ibr  ages  submerged  in  the 
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ocean,  vrithout  requiring  the  further  belief,  that 
countries  now  remote  from  active  volcanoes,  had 
been  repeatedly  subject  to  the  agency  of  subterra- 
nean fire.  Yet  both  these  positions  must  be  granted, 
if  we  will  allow  a  legitimate  induction  from  establish- 
ed facts. 

The  advocates  of  the  aqueous  origin  of  basaltic 
rocks,  while  they  advanced  theories*  which  made 
claims  upon  our  fiuth,  equally  unsupported  by  pre- 
sent experience,  fiuled  entirely  in  their  attempts  to 
exphin  the  causes  of  existing  phenomena  in  a  satis- 
factory  manner.  The  theory  of  Werner  was  for  some 
time  zealously  supported,  and  particularly  the  least 
tenable  part  of  it,  —  the  formation  of  basaltic  rocks 
by  a  second  rising  of  the  ocean,  which  deposited 
them  on  the  summits  of  elevated  mountains,  —  It 
may  be  proper  to  give  a  brief  account  of  this  part 
of  the  Wemerian  §jBtem,  before  it  entirely  sinks  into 
oblivion. 

According  to  the  theory  of  Werner,  all  the  super- 

Scial  parts  of  the  globe  were  once  in  a  state  of 

aqueous  solution,  from  which  the  materials  were  at 
first  separated  by  chemical  deposition  in  a  crystalline 
state,  and  Ibrmed  a  thick  mass-  of  granite  round  the 
globe.  Upon  granite  the  primary  rocks  were  suc- 
cessively deposited,  forming  layers  over  each  other 
like  the  coats  of  an  onion.  Over  these  again  were 
laid  the  transition  rocks ;  and  next,  the  earthy  strati- 
fied rocks.  Each  of  these  layers  was  supposed  to 
encircle  the  globe,  or  to  be  an  universal  formation. 
While  this  process  was  going  on,  the  waters  were 
gradually  retiring,  and  became  turbid:  hence  the 
iiiaterials  which  they  deposited  to  form  the  upper 
strata,  were  more  earthy  than  those  of  the  primary 
rocks ;  they  were  also  intermixed  mth  fragments  of 
the  rocks  previously  formed.  According  to  this 
system,  mountains  and  valleys  were  caused  by  the 
original  inequahty  of  the  nucleus  of  the  earth,  tyo 
iar  the  parts  of  VVerner's  theory  are  consistent ;  and 
we  have  a  world  ready  made,  in  which  every  thing 
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iniglit  be  supposed  to  remain  quiet;  but— >fioiB  sic 

Fata  sinunt  ;  —  Neptune,  ashamed  of  his  late  retreat, 
and  indignant  at  his  confinement  in  such  narrow 
limits,  calls  the  infernal  deities  to  his  assistance,  and 
rising  in  his  might,  once  more  takes  possession  of  the 
globe.    He  covers  it  with  the  depiirgations  of  his 
turbid  waves  :  but  again  lie  is  compelled  slowly  and 
reluctantly  to  retire  from  the  fields  leaving  behind 
him  tbe  basaltic  rocks,  the  monuments  of  his  triumph 
and  hto  shame.— Such  is  in  substance  the  theofy  of 
Werner,  respecting  the  origin  of  all  the  superincum- 
bent rocks  of  basalt  and  trap.   They  are  also,  ac- 
cording  to  this  theory,  universal  formations.    It  is 
scarcely  possible  for  the  human  mind  to  invent  a 
system  more  rej)ugnant  to  existing  facts.  Were 
basaltic  rocks  deposited  from  a  solution  which  covered 
the  globe  after  tlie  formation  of  secondary  strata,  as 
Werner  supposes,  every  part,  of  tiie  dry  land,  and 
every  valley,  must  have  been  incrusted  or  filled  with 
basalt,*— it  would  be  the -prevailing  rock  of  eveiy 
district   On  the  contrary,  basalt  exists  only  in  pmrti- 
cular  situations,  forming  dykes,  and  overlying  masses 
or  beds  of  limited  extent:  nor  do  fragments  of  basalt 
occur  in  any  quantity,  to  warrant  the  belief  that  it 
was  ever  formed  universally  over  the  globe.  What 
is  here  said  of  basalt,  applies  equally  to  all  uncon- 
formable rocks  of  porphyry,  and  the  other  trap  rocks. 
Nothing  but  the  obscure  language  in  which  this  doc- 
trine of  Werner  was  advanced,  could  have  prevented 
its  absurdity  from  being  instantly  perceived  and  afy 
knowledgea» 

Before  concluding  the  present  chapter,  it  will  be 
useful  to  advert  to  an  inquiry  which  the  geologiod 
student  may  probably  make.    The  component  parts 

of  dark  coloured  lava  and  basalt  being  the  same,  and 
the  formation  of  both  by  igneous  eruption  being  ad- 
mitted, what  were  the  conditions  under  which  the 
erupted  mass  was  formed  into  compact  basalt  iu  some 
situations,  and  in  others  into  cellular  lava? 
According  to  Von  Buch  and  M.  £lie  de  Beaumont, 
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lava  in  a  fluid  state  cannot  form  thick  regular  cxrni- 
pad  beds  of  basalt,  unless  the  surface  of  the  ground 
over  which  it  flows  (whether  on  land  or  under  the 
ocean)  be  horizontal,  or  nearly  so ;  for  it  is  evident, 
that  a  oorrent  of  floid  lava  woald  descend  to  the  bot- 
tDin^  if  it  flowed  over  a  declivity,  and  only  a  small  part, 
whicb  became  congealed  during  the  descent,  woukl 
adhere  to  the  surface.  For  the  conversion  of  fluid 
lava  into  compact  basalt,  it  is  required  that  the  lava 
should  be  spread  over  a  level  surface,  or  be  collected 
in  hollows  or  basins,  where,  like  water,  it  would  remain 
sta^ant,  until  it  became  consolidated  into  a  compact 
bed.  The  inference  from  this  is  important;  for  if  all 
beda  of  basalt  that  are  highly  inclined  were  deposited 
aod  consolidated  on  a  nearly  level  sur&ce»  it  follows, 
that  they  must  have  been  since  elevated  b^  some  up- 
bearing  force ;  and  that  their  inclined  position  could 
not  be  the  original  one,  at  the  period  of  their  consoli- 
dation. 

If  a  current  of  lava  be  desceiuling  durinu;  its  refri- 
geration, the  adiiesiveness  of  the  particles  will  be  more 
or  less  destroyed  by  the  movement,  and  the  stone 
will  become  porous  or  cellular.  The  cells  so  formed 
are  oAen  found  to  be  elongated  in  the^direction  of 
the  descending  current.  Thus  the  difierence  between 
celiobtr  lava  and  compact  basalt,  depends  on  the 
state  of  motion  or  rest,  under  which  the  lava  is  conso- 
lidated. 

It  was  supposed,  a  few  years  since,  that  there  were 
no  basaltic  rocks  in  the  United  States  of  North  Ame- 
rica; but  Professor  Silliman,  in  the  17th  vol.  of  the 
American  Journal  q)  Science y  has  c^iven  a  very  clear 
description  of  a  basaltic  range,  which  divides  the 
States  of  Massachusetts,  extending  ISO  milesin  leogthi 
and  from  3  to  SO  miles  in  breadth. 

Messrs  Jackson  and  Alger,  of  Boston,  New  Eng- 
land, have  recently  published,  Remarks  on  the  Mu 
neralogy  and  Geology  ojNom  Scotia**  with  coloured 
plates,  representing  the  immense  ranges  of  basaltic 
rocks  on  the  shores  of  that  peninsula. 
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CHAP.  XL 

A  RETHOSPECTIVB  VIEW  OF  CERTAIN  GEOLOGICAL 

FACTS  AND  INFERENCES  RELATIVE  AGES  OF 

MOUNTAIN  RANGES.  PRELIMINARY  OBSERV- 
ATIONS ON  THE  SECONDARY  STRATA. 

l^EFORE  we  proceed  to  the  Upper  Secondary  Rocks, 
it  may  be  iiscfnl  to  review  some  of  the  leading  facts 
stated  in  tlie  preceding  chapters,  and  to  notice  cer. 
tain  enquiries,  which  may  naturally  present  themselves 
to  the  mind  of  the  geological  student.  It  appears 
from  an  examination  of  the  crust  of  the  ^obe,  where* 
ever  it  has  been  scientifically  explored,  that  there  is 
an  order  of  succession  or  superposition  in  the  rocks 
of  every  country,  which  may  often  be  traced  over  ft 
considerable  extent ;  and  tliat  in  countries  very  re- 
mote from  each  other,  an  approximation  to  a  similar 
order  is  observable,  except  in  one  class  of  rocks  which 
ure  protruded  irregularly,  and  cover  other  rocks  witli- 
out  any  determinate  order  of  succession,  as  described 
in  the  last  chapter.  The  succession  of  the  several 
classes  of  rock, — the  primary,  transition,  secondaiy, 
and  tertiary,  —  may  be  regarded  as  certain,  where 
they  occur  together.  Nor  is  the  regularity  of  this 
succession  on  a  large  scale,  invalidated  by  some  ap- 
parent deviations. 

Granite  being  of  igneous  formation,  may  in  a  few 
situations  have  been  protruded  through  the  upper 
rocks,  and  poured  over  them  ;  but  in  such  rare  cases 
it  will,  I  believe,  be  found,  that  the  protruded  granite 
issued  from  veins,  that  intersect  the  older  granite  it- 
8el£  Mountains  of  granite,  composed  of  nearly 
vertical  beds  several  thousand  feet  in  height,  like 
those  of  Mont  Blanc,  and  its  attendant  aiguilles, 
could  not  have  been  upraised  in  a  fluid  state,  but  in 
a  solid  mass  bodily. 

In  every  continent  or  hirge  island  that  has  yet 
been  examined,  granite  is  the  lowest  or  fiuuiamental 
rock,  and  may  therefore  be  called  primary.  Gneiss 
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and  mica-slate  are  cmly  different  modes  of  granite, 
and  may  be  found  sometimes  alternating  with  it. 

The  chemical  composition  of  all  these  rocks  is  very 
nearly  the  same,  nor  is  it  very  different  from  that  of 
the  older  slates:  silex  forms  on  the  average  three 
fourths  of  their  constituent  parts,  and  alumine  about 
one  sixtli  or  one  eightli,  —  the  proportions  of  the  re- 
maining parts  cannot  greatly  affect  the  condition  of 
the  mass  ;  and  it  is  to  the  circumstances  (whatever 
they  may  be)  which  have  occasioned  a  more  or  less 
rapid  consolidation  of  the  parts,  that  we  ought,  pro- 
bably, to  attribute  the  formation  of  granite  in  one 
part  of  a  mountain,  and  of  gneiss,  mica-slate,  or  slate 
in  another,  and  the  re-appearance  of  granite  above 
the  latter  rocks. 

The  succession  of  the  different  members  of  any 
one  class  of  rocks,  is  by  no  means  so  definite  as  tliat 
of  the  classes  themselves.  Many  beds  common  in 
one  country,  cannot  be  discovered  in  another,  and 
hence  it  may  be  diiiicuit  to  determine  what  part  of  a 
series  they  occupy. 

It  is  easy  to  conceive  that  the  cause  or  causes, 
whatever  they  may  be,  which  have  formed  certain 
rocks,  have  been  limited  in  the  extent  of  their  action, 
as  we  know  to  be  frequently  the  case  on  a  smaller 
scale,  where  a  stratum  of  sandstone,  &c.,  after  pre- 
serving  its  regular  thickness  for  several  miles,  becomes 
gradually  narrower,  till  at  length,  in  the  language  of 
the  miner,  it  wedges  out,  and  the  stratum  above  and 
beneath  come  in  immediate  contact.  In  other  in- 
stan^ces,  the  rock  which  is  interposed  between  two 
well  known  and  identical  rocks  in  distant  districts,  is 
not  the  same  in  both :  this  may  be  frequently  observed 
among  the  secondary  strata,  which  will  next  be  de- 
scribed. In  such  cases,  the  different  rocks  that  occur 
in  the  same  geological  position,  have  been  called 
equivalents  of  cacli  other.  An  instance  mentioned 
in  a  preceding  chapter,  may  serve  to  exj)hiin  what  is 
meant  by  a  geological  equivalent.  In  the  beds  of 
transition  limestone  at  Llanvniynah,  which  are  verv 
regularly  stratified,  one  stratum  of  the  best  limestom^ 
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suddenly  terminates,  and  its  place  is  supplied  by  a  bed 
of  marl  of  equal  thickness  ;  in  tiie  same  manner  as 
we  might  suppose  part  of  a  course  of  bricks  to  be 
taken  out  of  a  wall,  and  its  place  filled  up  with  clay; 
the  clay  would  be  the  equivalent  of  the  course  of 
bricks. 

On  observing  that  the  succession  of  strata  in  forma. 

tions  of  the  same  class  is  not  invariably  the  same  in 

distant  countries,  an  enquiry  naturally  suggests  itself : 
are  the  similar  rock  formations  in  distant  parts  of  the 
world  contemj)oianeous  ?  or  were  rocks  of  dilierent 
classes  forniiiiL;*  at  the  same  period?  Is  the  granite 
of  England,  tor  instance^  more  or  less  ancient  than  the 
granite  of  the  Alps?  or,  are  the  secondary  strata  of 
one  country,  as  old  as  the  primitive  n>cks  of  another? 

Were  it  not  for  the  organic  remains  in  diflferent 
rocks,  we  could  not  (as  Cuvier  has  well  observed)  be 
certain  that  all  rock  formations  were  not  contempora- 
neous. With  respect  to  those  rocks  which  contain 
no  organic  remains,  and  under  which  there  are  no 
other  beds  containing  organic  remains,  we  cannot 
ascertain  whether  they  were  contemporaneous,  or 
formed  at  ditterent  and  distant  epochs.  The  beds  of 
granite  which  are  nearly  vertical  in  mountain  ranges, 
must  have  acquired  a  considerable  degree  of  solidity, 
before  the  period  when  the  beds  were  raised :  but  if 
we  date  their  age  from  the  epoch  of  their  elevation, 
we  shall  be  obliged  to  admit  the  different  ages  of 
granite  mountains,  and  that  the  granite  of  Charn- 
wood  Forest  is  more  ancient  than  that  of  the  Alps. 
Oi  this  we  have  as  direct  proof  as  we  could  possibly 
require.  In  the  Alps,  the  beds  of  the  upper  secon- 
dary  strata,  analogous  to  our  niagnesian  limestone, 
lias,  and  oolite,  where  they  approach  the  central 
granitic  range,  are  raised  into  nearly  a  vertical  position 
conformable  to  that  of  the  beds  of  granite,  and  tliey 
must  ail  have  been  elevated  at  the  same  time.  —  See 
Plate  II.  fig.  where  the  relative  situation  of  the  beds 
of  upper  secondary  limestone  is  represented,  a  a.* 

•  The  c  alcareous  mountains  in  the  outer  ran^^es  of  the  Alps, 
reiuoveil  iruui  the  central  i^ruuite,  are  often  bent  iuto  arches  as  re- 
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At  Charnwood  Forest,  in  Leicestershire,  very  highly 
inclined  beds  of  granitic  and  slate  rocks  are  covered 
with  horizontal  beds  of  the  upper  secondary  strata, 

analogous  to  those  in  the  Alps  See  Plate  11.  fig.  4. 

4h  Now  it  is  evident  that  the  beds  of  granitic 
and  slate  rocks  were  raised,  before  the  horizontd 
strata  were  deposited  upon  them.  Hence  we  attain 
the  knowledge  of  an  interesting  fact  in  the  natural  his- 
tory of  our  island  :  its  beds  of  primitive  and  transition 
rocks  were  raised  before  tiie  beds  in  the  mountains 
of  Savoy  and  Switzerland ;  nor  can  this  conclusion 
be  invalidated,  unless  we  admit,  what  would  be  con- 
trary to  analogy,  that  secondary  strata,  possessing 
the  same  geological  relations  and  the  same  organic 
remains,  were  formed  at  different  epochs.  I  have 
cited  the  Charnwood  Forest  hills,  because  there  the 
proof  is  more  direct  and  palpable  than  at  the  Mal- 
vern Hills  or  elsewhere,  n>r  the  horizontal  upper 
secondary  strata,  may  be  seen  resting  immediately 
on  highly  inclined  beds  of  granitic  and  schistose 
rocks. 

The  horizontal  beds  resting  on  the  Charnwood 
Forest  granite  and  slate,  are  composed  of  sandstone 
(a  part  of  the  red  marlc  and  sandstone  formation), 
and  at  a  little  distance,  the  sandstone  is  covered  by 
strata  of  lias  limestone,  which  determine  its  re- 
lative age.  In  some  parts,  the  sandstone  strata  also 
cover  the  coal  strata ;  the  latter,  d  rise  very  abruptly 
as  they  approach  the  granite  in  die  north.  At  die 
Vosges  mountains  in  france,  the  same  red  marie  and 
sandstone,  associated  with  lias,  covers  the  granite  and 
coal  strata  unconformably. 

\\  Jien  M.  Daubuisson  published  his  Traild  de 
Geognosic,  in  1819,  he  asserted,  that  tlie  beds  of 
granite  in  the  Alps  were  raised  into  their  present 
vertical  or  highly  inclined  position,  soon  after  their 


nmented  in  Plate  II.  fig.  2.  Xt  y» «.  Such  beda,  of  ooufse,  cannot 
be  coolbniNible  to  those  nearer  the  gnnite. 
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original  formation.  I  visited  the  Alps  in  the  two 
following  years,  and  the  appearances  presented  by 
.the  secondary  strata,  compelled  me  to  draw  a  very 
different  inference  respectinir  the  period  when  the 
beds  of  granite  were  elevated,  which  I  stated  in  the 
second  volume  of  my  Travels,  published  in  1823. 

One  important  fact  may  be  deduced  irom  these 
^evmted  beds  of  pudding-stone,  saodstone,  and  other 
stratai  comparatii'ely  modern,  ranging  conformably 
with  beds  of  granite  and  gneiss ;  namely,  that  the 
beds  of  granite  did  not  acquire  their  elevated  posi- 
tion, till  after  the  formation  of  the  secondary  strata. 
In  England,  the  elevation  of  the  beds  of  granite  was 
anterior  to  the  deposition  of  the  upper  strata,  con- 
sisting of  magnesian  limestone,  lias  limestone,  oolite, 
chalk,  and  the  intervening  sandstones  ;  for  all  these 
strata  lie  nearly  flat,  over  the  edges  of  the  inclined 
under  strata*  On  the  contiary,  in  Savoy,  strata  of 
similar  formations  occur  nearly  vertical,  and  fre- 
quently conformable  to  the  range  and  dip  of  the 
granitic  formations.  These  facts  would  proves  that 
the  causes  which  have  elevated  granite,  nave  acted 
at  difierent  epochs  on  various  parts  of  the  globe,  un- 
less we  are  prepared  to  admit,  that  similar  calcareous 
formations,  containing  similar  organic  remains,  were 
not  contemporaneous  in  diflerent  countries." 

In  the  latter  part  of  the  same  volume  I  fnrtlier 
stated,  that  as  some  of  the  strata  on  the  Diableret 
mountains  in  the  Vallais  contain,  at  the  height  of 
seven  thousand  feet,  fossils  similar  to  those  of  tiie 
tertiary  strata  in  the  Paris  Basin,  it  was  more  reason- 
able to  believe  that  they  had  been  raised  since  their 
deposition,  than  that  fresh-water  formations  had  cover- 
ed any  part  of  the  earth  at  such  a  vast  elevation ;  and 
hence  we  may  infer,  that  the  epoch  when  the  granite 
of  the  Alps  was  raised,  is  comparati\  ciy  recent.* 

*  Since  the  author  published  his  opinioiitin  1923,  respecting  tb* 

recent  elevation  of  the  Alps,  founded  on  an  attentive  examination 
of  the  structure  of  the  Pennine  and  Bernese  Alps,  M.  \'on  Buch, 
M.  L.  £Ue  de  Beaumont,  and  M.  Andre  de  Luq,  ok'  Geneva,  have 


Digitized  by  Googl 


ELEVATION  OF  GRANITE. 


When  M.  Daubuisson  publisiied  his  (laognosie, 
both  he  and  ahnost  all  French  geologists  adopted 
tiie  theory  of  Werner,  respecting  the  formation  of 
granite  prior  to  all  other  rocks :  if,  therefore,  the 
elevation  of  its  beds  took  place  soon  af  ter  its  original 
fbrmatioD,  this  elevation  preceded  the  deposition  of 
the  secondary  strata  by  many  geological  ages,  and 
could  have  had  no  effect  on  the  position  o£  beds  which- 
did  not  then  exist.  My  views  with  respect  to  tht 
diflferent  ages  of  granitic  ranges,  and  the  oiscovery  of 
the  true  secondary  character  of  the  calcareous  moun- 
tains in  the  Tarentaise,  have  since  been  brought  for- 
ward by  some  French  geologists,  as  tlieir  original 
discoveries.  My  observations  were  made  in  the  year 
1820,  at  which  time  they  would  have  been  warmly 
opposed  in  France  ;  and  the  answer  to  them  would 
have  been»  Have  we  not  had  an  Ecole  de  Mines  at 
Moutiers  in  the  centre  of  the  Tarentaise,  where  some 
of  our  first  chemists  and  geologists  resided  for  a  long 
time  ?  -we  must  therefore  know  the  true  character  of 
the  country,  better  than  any  occasional  visiter/' 

It  is  not  however  certain,  that  the  elevation  of  bedig 
of  granite  or  other  primary  rocks  might  not  take  place 
deep  under  the  ocean,  and  a  far  more  extensive 
elevating  power,  may  at  a  later  period  have  been  re- 
quired to  raise  them  above  the  waves,  until  they 
fbniied  islands  and  continents.  Indeed  such  must 
have  been  the  case,  where  primary  rocks  are  covered 
with  nearly  horizontal  strata  of  marine  or  aqueous 
formation*  Even  the  nearly  horizontal  beds  of  red 
marle^  that  cover  the  elevated  beds  of  granite  on 
Cbamwood  Forest,  must  have  been  form^  or  depo- 
sited under  water :  the  whole,  therefore,  have  been 
raised  togetlier,  when  that  part  of  England  emerged 
from  the  ocean  ;  unless  the  red  marie  was  formed  in 
a  mediterranean  lake  or  sea,  surrounded  by  distant 
high  ground.    Adopting  this  view  of  the  subject, 


advanced  similar  opinions,  and  stated  that  the  elevation  of  tbose 
jBiff^fnftyiny  (ook  placfi  aftdT  the  formation  of  the  tertiary  strata. 
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though  we  may  be  certain  that  the  beds  of  granite  in 
England  were  elcvateil  before  those  of  the  Alps,  it 
does  not  follow  that  England  must  necessarily  have 
been  dry  land  botbre  the  Alps  of  Savoy.  Since, 
therefore,  the  elevation  of  the  beds  in  mountain 
ranges,  may  have  preceded  their  final  emergence 
above  the  ocean,  this  consideration  deprives  the  in- 
vestigation into  the  relative  antiquity  of  the  elevation 
of  the  beds  in  mountain  ranges,  of  much  of  its  value* 
Before  proceeding  to  describe  the  secondary  and 
tertiary  forcnations,  I  shall  offer  some  preliminary 
observations*  connected  with  the  inquiry  respecting 
the  relative  age  of  the  different  beds*  Where  a 
similarity  of  mineral  character,  and  a  similar  associ- 
ation with  other  beds,  is  observed  in  different  dis- 
tricts, we  may  sometimes  Infer  that  their  origin  was 
cotemporancous ;  but  when  the  organic  remains  are 
also  the  same  in  botli,  we  attain  a  lull  conviction  of 
the  fact. 

It  will  not  be  denied  that  the  chalk  and  oolite  in 
Yorkshire,  were  cotemporaneous  with  certain  parts 
of  the  chalk  and  oolite  formations,  in  the  southern 
and  western  counties.  In  the  same  manner,  we  may 
admit,  that  the  chalk,  and  oolite,  and  lias,  on  the 
opposite  side  of  the  Channel,  in  France,  arc  cotem- 
poraneous with  similar  formations  in  England,  with 
which  they  preserve  an  identity  of  mineralogical  and 
zoological  characters*  Having  once  traced  these 
formations  to  the  north  of  France,  we  may  admit 
their  identity  with  similar  formations,  preserving  the 
same  identity  of  character  through  many  of  the 
inland  departments  of  France,  and  to  the  Salins  at 
the  loot  of  tlie  Jura  range.  Over  so  large  an  extent 
of  country  we  may  expect  to  find,  as  we  do  in  distant 
districts  in  England,  that  certain  parts  of  a  series 
which  occur  in  a  certain  formation  in  one  place,  are 
wanting  in  another.  In  France,  some  beds  occur, 
under  the  lias,  lor  instance,  which  have  not  hitherto 
been  found  in  Great  Britain :  but  making  allowance 
for  such  partial  variations,  we  cannot  hesitate  to  ad- 
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mit  the  identity  of  the  formations  ia  both  countries, 
and  also  their  identity  of  age. 

When  we  enter  the  Jura,  or  the  great  calcareous 
ranges  of  the  Alps,  the  enormous  thickness  of  the 
beds,  which  are  frequently  inaccessible,  and  the  in* 
durated  and  subcrystalline  texture  which  they  often 
assume,  present  considerable  difficulties,  if  we  at- 
tempt to  identify  them  with  well  known  formations. 
Much  confusion  and  contrariety  may  be  observed  in 
the  classification  of  these  rocks  by  different  geolo- 
^sts ;  but  this  has  partly  arisen  from  the  observers 
not  being  thoroughly  acquainted  with  tlie  formations 
with  which  tliey  were  to  make  the  comparison,  and 
partly  from  the  vague  and  contradictory  use  of  the 
terms  Alpine  limestone  (cakaire  Alpin)  and  Jura 
limestone  {cakaire  de  Jura).  There  is,  however,  in 
some  parts  of  these  mountains^  both  an  identity  of 
mineral,  and  of  zoological  characters,  with  some  of 
the  formations  in  the  upper  secondary  strata  in  Eng- 
land. A  thick  bed  of  bhie  Has,  filled  with  the 
(JrypJicea  arcuata^  in  the  momitains  on  the  lake  of 
Annecy,  and  fragments  of  oolite,  like  that  of  Glou- 
cestershire, from  the  top  of  Mont  Grenier,  near 
Chamberry,  left  me  no  doubt  of  the  identity  of  tiie 
formations  of  England,  France,  and  Savoys  and  no 
reason  can  be  assigned,  wliich  might  lead  us  to  infer, 
that  the  similar  formations  in  each  country  were  not 
cotemporaneous.  With  respect  to  very  remote  coun- 
tries, or  the  countries  in  opposite  hemispheres,  we 
have  as  yet  few  data  to  determine  whether  there  be  a 
similarity  of  fossil  remains,  which  can  identify  form- 
ations that  may  appear  analogous,  or  even  whether 
such  a  similarity  could  identity  them,  when  they 
occur  in  very  different  latitudes,  and  under  very  dif- 
ferent degrees  of  temperature. 

There  is  another  circumstance,  indej)cndent  of 
climate  or  remote  distance,  that  may  have  occa- 
sioned a  change  in  the  genera,  and  even  in  the 
orders  and  classes  of  animals,  whose  remains  are 
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found  in  similar  strata.  The  ocean  may  have  been 
much  deeper  in  one  part,  than  in  another  not  very 
remote,  and  the  deepest  bed  of  the  ocean  might 
support  genera  of  pelagian  animals*;  while  a  more 
shallow  adjacent  part  might  be  tenanted  by  different 
genera,  and  even  different  brders  and  classes  of 
animals,  whose  organisation  fitted  them  for  moving 
near  the  surface  of  the  water.  The  tranrition  strata 
were  probably  formed  under  a  great  depth  of  the  sea  ; 
and  few  of  the  animals,  whose  leiiiains  are  found 
in  these  strata,  possessed  the  jiower  of  locomotion 
in  an  eminent  degree.  The  animals  possessing  this 
power  were  molusca.f  Their  shells  were  di\iiled 
into  numerous  chambers  or  cells  ;  a  tube,  called  a 
siphunculus,  passes  through  ail  the  cells  ^  and  by  this 
tube  it  was  supposed  that  the  animals  were  enabled  to 
exhaust  the  water,  and  rise  to  the  surface  from  great 
depths*  The  shells  of  many  of  the  species  of  diese 
animals  were  internal,  like  the  bone  of  the  sepia  or 
cuttle-fish.  They  had  heads  surrounded  by  feelers, 
and  large  eyes  ;  they  had  also  beaks  like  those  of  the 
parrot.  The  feelers  which  surrounded  the  head  (see 
Plate  VIII.  fig.  1.)  served  them  for  seizing  their  prey, 
and  for  swimming  or  walking  at  the  bottom  of  the 
sea.  Tliey  swam  with  their  heads  behind  them  ; 
and  when  they  walked,  their  heads  were  downward. 
There  are  only  two  kuown  genera  of  chambered 
animals  of  this  class  inhabiting  the  present  seas ;  the 
Nautilus,  and  theSpirula.  See  Plate  VIIL  figs.  S.  &  11 . 
The  ammonite,  of  which  there  are  numerous  fossil 
species^  was  also  spiral.  The  other  fossil  chambered 
shells  are  either  straight  or  slightly  curved.  These 
shells  were  internal^  and  it  is  probablethat  the  animals 

*  Pelagian  animals,  so  called  by  naturalists  because  tiiej  live  m 
deep  seas. 

f  Called  by  Cuvier,  Cephalopodes,  For  a  brief  account  of  the 
principal  fossQ  species  of  this  order,  see  the  preliminary  observa- 
tions in  the  present  volume.  A  very  interesting  description  of  fossil 
ccphalopodes  is  given  in  Buckland,  B.  T.  vol.  i.  pp.  503 — 3S(>. 
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to  which  they  belonged,  had  greater  facility  of  rising 
and  descending,  than  tliose  in  spiral  shells. 

The  animals  of  this  class,  having  heads  and 
various  senses,  seem  to  rank  high  in  the  scale  of 
sentient  organic  beings  ^  but  they  are  not  niimeroufl^ 
till  we  rise  into  the  secondary  strata,  above  the  cool 
formation. 

Very  few  ispiral  unchambered  shells  occur  in  the 
transition  rocks*;  for  these  animals  crawl  on  their 
bellies  like  the  snail»  and  do  not  seem  fitted  to  live 
in  deep  water,  unless,  like  the  HeUx  Janthina,  which 
nearly  resembles  the  snail,  and  Jives  in  tlie  Southern 
Ocean,  they  had  little  appendages  like  bladders,  which 
enabled  them  to  rise  to  the  surface.  Univalve  un- 
cbarabered  spiral  shells  become  numerous  in  the 
upper  strata,  probably  from  the  circumstance  that 
these  strata  were  deposited  under  shallower  seas* 

With  respect  to  that  class  of  the  testaceous  Mo- 
luscae  which  did  not  enjoy  the  privilege  of  having 
beads  and  eyes»  their  motives  for  travelling,  whether 
for  pleasure  or  necessity,  must  hftv;e  been  few  indeed  ; 
and  tliey  may  be  supposed  to  enjoy  life  as  well  in 
the  deepest  recesses  of  the  ocean,  as  nearer  its 
surface.  The  tenants  of  biv'alve  shells,  called  by 
Cuvier  Acephalesi,  have,  however,  sonic  power  of 
locomotion  which  they  effect,  some  by  thrusting  out 
a  membrane  called  a  foot,  and  with  it  they  also 
attach  themselves  to  rocks  or  other  bodies,  by  a 
number  ot  filaments  called  the  Byssus,  which  they 
can  remove  at  pleasure  ^  others  have  two  tubes, 
with  which  they  force  out  water  witli  considerable 
violence,  and  impel  themselves  in  an  opposite  di- 
rection; and  others  again,  by  a  strong  muscular 
action  in  opening  and  shutting  their  shells,  can  jump 
twelve  inches  at  one  leap. 

•  All  unchambered  spiral  shells  were  occupied  by  animals  which 
had  an  organ  of  motion  placed  under  the  bouy,  as  in  snails :  they 
liad  heads,  and  are  called  by  Cuvier  Geuteropodet, 

f  i^ccphales— having  no  headt. 

S  4 
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All  these  modes  of  motion,  however,  though  suffi- 
cient for  the  wants  of  the  animal,  are  very  limited  in 
their  operation,  and  are  equally  adapted  for  animals 
in  deep  or  shallow  seas,  in  rivers  or  lakes ;  accord- 
ingly we  find  numerous  testaceous  Moiusca  of  this 
class,  both  in  the  transition,  the  secondary,  and  the 
tertiary  strata,  and  in  our  present  seas  and  liikes,  and 
at  various  depths* 
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CHAP.  XIL 

TABULAR  ARRANGEMENT  OF  SECONDARY  STKATA. 
.  NEW  RED  SANDSTONE.  »  MAGNESIA N  UM£- 
STON£.^ROCK  SALT  AND  GYPSUM. 

Relative  Geological  Position  of  the  Secondary  Class  of  Rocks.  ~ 
Their  Mineral  and  Zoological  Characters.  —  Tabular  Arrange- 
ment. —  New  Red  Sandstone  and  Red  Marl.  —  Upper,  Middle, 
and  Lower  Beds,  chiefly  formed  of  the  Fragments  of  more 
ancient  Rucks,  broken  by  some  great  Convulsion.  —  Lowest  Red 
Sandstone,  or  Roth-todte  Liesende  of  the  German  Geologists. 
Separated  from  the  Middle  Beds,  bv  Beds  of  Magnesian  Lime- 
stone.— Middle  and  Upper  Beds  of  Red  Sandstone  and  Marl ; 
their  Accordance  with  those  of  France  and  Germany.  — • 
Muschel  Kalk  wanting  in  England.  —  Magnesian  Limestone  of 
the  Northern  Counties.  —  Gypsum  accompanying  Rock  Salt 
originally  Anhydrous.  —  Rock  Salt  Deposits,  in  different  Forra- 
atiooa.— Copious  Brine  Springs,  abofe  and  below  the  Coal 
Strata  in  the  United  Statea.— Observations  and  Queries. 

Secondary  rock  formations  comprise  all  the  regu- 
lar strata  that  cover  the  transition  rocks  and  coal 
measures,  and  terminate  with  chalk.  Their  mineral 
characters  may  be  briefly  described,  as  they  occur  in 
England,  France,  and  part  of  Germany*  They  cod* 
sist  of  vast  depositions  of  sandstone  and  conglomerate 
beds,  and  of  numerous  calcareous  beds,  separated  by 
beds  of  clay  and  sand.  The  limestones  are  less  crys- 
talline^ and  more  soft  and  earthy  than  transition  or 
mountain  limestone.  Theyabouna  in  remainsof  testa- 
ceous animals,  which  are  chiefly  marine  shells ;  but 
remains  of  freshwater  animals  occur  in  some  of  the 
secondary  beds  ;  and  parts  of  fossil  terrestrial  vege- 
tables are  also  sometimes  found,  proving  the  existence 
of  dry  land  at  the  period  when  tfie  strata  were  depo- 
sited. Secondary  strata  cover  a  large  portion  of  the 
habitable  globe,  and  are  the  immediate  subsoil  of  the 
most  fertile  districts  in  England,  and  various  parts  of 
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Europe.    No  beds  of  good  mineral  coal  arc  ibund  in 
any  part  of  the  secondary  series  of  strata,  above  the 
regular  coal  measures  in  England  ;  but  some  beds  of 
imperfect  coal,  and  wood  coal,  occur  in  the  secondary 
formaUpns :  and  this  is  also  the  case  in  similar  form- 
ations on  the  Continent.    Neither  metallic  veins  nor 
metallic  beds  deserving  notice  (except  of  iron  ores) 
occur  in  this  class  of  rocks ;  nor  do  they  afford  any  of 
the  rare  species  of  crystallised  minerals.  Rock-salt 
and  gypsum  are  the  most  valuable  minerals  found  in 
the  secondary  strata  $  and  it  is  from  them  that  all  the 
important  salt-springs  issue.    Some  of  the  rocks  in 
this  class  yield  useful  materials  for  architecture; 
but  the  stone  is  generally  soft  and  perishable.  To 
the  rocks  of  this  class,  Werner  gave  the  name  of 
flcetz  or  flat  rocks,  l>ecause,  in  the  northern  parts 
of  Europe,  they  are  generally  arranged  in  nearly 
horizontal  strata ;    but  this  character  is  altogether 
inapplicable  to  the  secondary  strata  in  the  outer 
ranges  of  the  Alps,  and  in  tlie  Jura  cliain,  where 
they  may  be  observed  bent  in  every  possible  direc- 
tion»  and  sometimes  nearly  vertical.   In  these  moun- 
tain ranges,  the  mineral  characters  of  the  upper 
secondary  limestones  also  frequently  undergo  a  con- 
siderable change,  and  become  indurated  and  crystal- 
line, like  transition  limestones. 

It  has  been  stated  in  the  preceding  chapters,  that 
the  coal  stratii,  which  arc  interposed  between  the 
transition  rocks  and  the  secondary  strata,  contain  al- 
most exclusively  the  organic  remains  of  terrestrial  and 
lacustrine  or  marsh  plants,  while  the  fossils  in  the  lower 
or  transition  class,  belong  almost  exclusively  to  marine 
animals.  Another  great  change  appears  to  have  taken 
place  in  the  condition  of  our  planet  after  the  depo* 
sition  of  the  coal  strata,  for  the  upper  secondary  strata 
contain  principally  the  remains  of  marine  animals.  It 
is  in  the  strata  belonging  to  this  class,  that  the  bones 
and  entire  skeletons  of  enormous  reptiles  are  first  dis- 
covered. It  is,  however,  truly  remarkable,  that 
tliroughout  the  whole  series  of  the  upper  secondary 
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Strata,  no  bones  of  mammiferous  land  quadrupeds 
have  yet  been  found ;  the  strata  at  Stoaesfieid  alone 
present  a  solitary  exception. 

In  £ngland,  the  order  of  succession  of  the  upper 
secondary  rocks  may  be  more  distinctly  ascerUdned» 
than  in  any  other  country  that  has  yet  been  exa- 
mined*  I  shall  therefore  describe  them  as  they  oc- 
cur in  our  own  country,  with  references  to  foreign 
localities,  where  the  same  beds  or  fbrniations  are  well 
identified  with  the  English  strata.  Geologists  on  the 
Continent,  and  particularly  in  France,  had,  till  very 
recently,  no  accurate  knowledge  respecting  several 
of  these  formations  ;  and  their  classifications  of  them 
were  vague  and  contradictory.  More  attention, 
however,  has  very  lately  been  directed  to  this  part 
of  the  geology  ot  France  ;  and  the  clear  accounts 
which  have  been  published  by  M«  £iie  de  Beaumont 
in  particular,  of  some  of  these  formations,  remove 
much  of  the  obscuri^  which  prevailed  respecting 
them,  and  prove,  in  a  satisfactory  manner,  the  great 
similarity  which  may  be  observed,  in  the  secondary 
formations  of  England  and  France. 

In  the  following  tabular  arrangement  of  the  se- 
condary formations,  above  the  transition  and  coal  form- 
ations, I  have  not  thought  it  expedient  to  introduce 
the  minor  subordinate  beds  in  each  formation.  It 
may  be  frequently  observed,  that  particular  beds 
which  occur  in  one  part  of  a  formation,  and  are  con- 
siderably developed,  cannot  be  traced  even  into  an 
adjacent  .district  or  they  vary  so  much  in  thickness 
and  mineral  characters,  as  scarcely  to  be  recognised. 
If  we  take  an  extensive  formation,  like  the  oolites,  as 
an  example,  it  is  not  possible  to  assign  any  one  part 
of  the  range,  as  alfortling  a  correct  type  of  all  the 
series  in  distant  or  even  in  neighbouring  parts  of  the 
range,  though  we  may  trace  a  general  resemblance 
in  all  the  principal  beds  ;  and  this  I  hold  to  be  amply 
sufficient  ibr  every  valuable  purpose  in  geology* 
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8BCONDART  FORMATIONS, 

above  the  transition  and  regular  coal  formations,  and 
terminating  with  chalk. 

1.    BED   SANDSTONE    AND     MARI.    WITH  MAGN£SIAN 

LIMESTONE. 

a  Lower   beds   of  new  red       a  Gres  rouge  ancien  et  roth- 


sandstone 


Qret  det 


vosges  ?  • 
b  S^dlchsttin  et  rauche  wacke, 
C  Gfitikfttnri. 
dMmiMkatk. 


e  Keuper,  mames  irriten. 


h  Magnesian  limestone 
e  Upper  red  sandstone 

d  (Muschel  kalk  wanting  in 

England.) 
e  Red    marl   with  fibrous 
gypsum 

2.  LIAS.  —  LIMESTONE  AND  LIAS  CLAT* 
a  White  lias  and  micaceousl 

b  BluriiaTwUh  maristoiiu      f  ^  9^9^^ 

e  Lias  clay  and  shale  J 

3.  OOLITE  LIMESTONE  AND  BEDS  OF  CLAY  AND  SAND- 
STONE. 
a  Liferior  and  Bath  oolites* 


Cedcaires  ooUHqvet,  and  some- 
tames  ooCRnrsv  dt  Jmra,  and 
also  oofeocrs  il^wi. 


with  sandstone 
b  Oxford  or  clunch  clay 
e  Middle  oolites 
d  Bitominoiia  or 

clay 

d  Upper  or  Portland  oolite 

,  4*  WEALDBN  OR  SUSSEX  BEDS. 
a  White  cretaceous  limestone^  All  the  beds  of  the  wealden  may 


b  Furbeck    and  Fetworth 

limestone 
c  Sandstone  and  calcareous 
grit 

d  Weald  elay  with  sandstone. 


be  regjirded  as  constituting  a 
local  formation  of  limited  ex- 
tent, but  extremely  interest- 
ing on  aocomit  of  its  fimil 
organic  remains. 


\      .  5.  GREEN  SAND  AND  CHALK. 
a  I^sw^  jre^  maid- mi  imnl 

b  Bl^°clay.  called  Gait  f  grUferrugmeux. 
c  Upper  green  sand  J 

d  Chalk  marl  -  -  '   Crewe  tufeau, 

a  Chalk  Witho^  fltnta  \  Ctak  MfiSrieure,  a 


*  Foreign  geologists  are  not  entirely  SS^eed  respecting  the  place  of  the 
gres  ffr.f  voxget.    ^e  Ijiwa  beds  are  generally  considered  to  be  the 
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The  annexed  cut  may  assist  the  geological  student 

to  form  a  distinct  notion  of  the  succession  and  posi- 
tion of  the  secondary  strata,  as  tliey  rise  to  the  sur- 
face, in  travelhng  to  the  north-west,  from  the  chalk 
of  Surrey  to  the  new  red  sandstone  of  Gloucestershire 
and  Worcestershire;  butthewholeof  the  series  scarcely 
ever  occur  together*  Thus  the  magnesian  limestone. 
No.  2,  and  the  upper  oolite  of  No.  5,  are  wanting  in 
this  part  of  England.  In  part  of  Dorsetshire  the 
chalk  and  green  sand«  No«  6,  rest  upon  lias.  No.  4»  and 
none  of  the  intervening  beds.  No.  5,  appear.  -  It  is 
sufficient,  however,  to  bear  in  mind,  that  whenever  the 
different  formations  from  ^  to  6  occur,  they  are  found 
subjacent  to  each  other,  in  the  order  here  repre- 
sented. Each  of  these  groups  or  formations  Jiave  been 
divided  and  subdivided  into  different  beds  ;  the  most 
important  of  these  will  be  afterwards  noticed. 

New  Red  Sandstone  is  so  called  to  distinguish  it 
from  a  red  sandstone  found  among  transition  rocks, 
(See  Chap.  VII.)  The  new  red  sandstone  is  a  very- 
extensive  and  complex  formation :  its  prevailing  mi- 
neral character  is  siliceous;  but  it  sometimes  com- 
prises calcareous  beds  of  considerable  magnitude  and 
extent.  The  new  red  sandstone  mav  be  divided  into 
three  series,  or  the  upper,  the  middle,  and  the  lower 
beds  :  where  intervening  beds  of  limestone  occur, 
they  serve  to  mark  the  divisions  in  the  series  with 
sufficient  distinctness,  but  where  they  are  wanting, 
these  divisions  cannot  always  be  observed.  A  lime- 
stone containing  magnesia,  separates  the  lower  ipom 
the  middle  series,  in  tiie  northern  bounties  of  Eng- 
land, but  is  wanting  in  some  of.the  midland  and' 
western  counties.  In  France  a  calcareous  bed,  called 
muschel  kalk,  separates  the  middle  series*  from  the 
upper ;  but  this  has  not  been  discovered  in  England. 

The  red  sandstone  in  England  covers  the  lower 
rocks  unconformably,  which  proves  that  the  lower 
rocks  were  tilted  up,  before  the  strata  of  red  sand- 
stone here  were  deposited :  this  upheaving  of  the 
lower  beds  must  have  been  attended  with  great  con* 
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vulsions,  which  probably  suppHed  the  sand  and  frag- 
ments, of  whicii  many  of  the  beds  of  red  sandstone 
are  composed.  Indeed,  it  is  highly  probable,  that 
this  sandstone,  and  the  conglomerate  beds  in  different 
parts  of  it,  were  formed  by  the  violent  disintegration 
of  the  older  rocks,  and  oi'  trap  rocks,  that  were  pro« 
trnded  at  the  era  of  some  great  convulsion,  which 
broke  down  a  large  portion  of  the  ancient  crust  of  the 

globe,  and  spread  the  debris  far  and  wide  over  the 
ed  of  the  existing  ocean.  Fragments  of  the  older 
rocks  occur  in  the  difierent  beds  of  this  sandstone,  and 
some  of  the  beds  are  almost  entirely  formed  of  such 
fragments.  Tliis  mode  of  formation  would  sufhciently 
account  i'or  tiie  great  diversity,  both  in  the  nature 
and  thickness  of  the  beds,  in  different  districts.  1  am 
inclined  to  believe,  tliat  the  disintegrating  causes 
which  broke  down  part  of  the  ancient  rocks,  and 
spread  their  ruins  over  a  great  extent  of  surface,  acted 
at  successive  periods  of  comparatively  short  duration, 
succeeded  by  long  intervals  of  repose^  during  which 
the  calcareous  strata  were  deposited. 

Lower  New  Red  SandstoneyifBS  not  known  as  a  mem- 
ber of  the  red  sandstone  formation  in  England,  before 
Professor  Sedgwick  ascertained,  that  it  Ibrmed  beds 
of  considerable  magnitude  below,  the  magnesian  lime- 
stone in  Durham  and  Yorkshire.  It  does  not,  how- 
.  ever,  extend,  as  he  supposed,  to  the  southern  termina- 
^  tion  of  the  magnesian  limestone  in  Nottinghamshire; 
for  there  I  have  found  the  lowest  beds  of  magnesian 
limestone  resting  immediately  on  the  coal  measures, 
and  a  part  of  the  upper  red  sandstone  covering  the 
limestone.  The  lowest  beds  of  red  sandstone  are  in 
some  situations  conglomerates;  in  others,  coarse  silice« 
ous  sandstone  is  oflen  much  intermixed  with  decom- 
posing crystals  of  felspar.  Sometimes  it  is  found  finer 
grained,  and  mixed  with  micaceous  shale  and  reiidish 
marlc.  The  beds  arc  generally  more  or  less  impreg- 
nated with  the  nwd  of"  iron,  and  coloured  red  or 
yellow.  Tile  tiiickuess  of  the  beds  diflers  much  in 
diffi^rent  situations,  as  might  be  expected  from  its 
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king  u}>on  the  lower  beds  uQconformably,  and  there- 
^"re  rebLiug  upon  an  uneven  surface.    The  low  ci  new 

red  sandstone  in  the  western  connties  of  England, 
and  in  various  parts  of*  the  Continent,  contains  frag- 
mcnts  of  different  rocks  cemented  by  ferruginous  sand 
or  marl,  and  masses  of  imperfect  porphyry,  and 
abundance  of  felspar,  both  iu  a  decomposed  state  and 
in  perfect  crystals. 

'  The  magnesian  limestone,  over  the  lower  red  sand- 
stone, should  here  be  described  in  the  ascending 
series ;  but  the  description  would  disconnect  the  ac- 
count of  the  u])per  and  lower  red  sandstone,  which 
are  strictly  but  one  formation.  I  shall,  therefore, 
defer  the  description  of  the  magnesian  limestone, 
until  that  of  the  red  sandstone  is  gone  through.  In 
fact,  the  magnesian  limestone  does  not  always  occur 
in  the  red  sandstone. 

Upj)er  Red  Sandstone  mid  Red  Marl  above  mag- 
nesian limestone.    In  England,  where  the  limestone 
called  Mnschel  Kalk  does  not  separate  the  upper  red 
sandstone  (gr^  bigarr6)  from  the  red  marl  above, 
(Keuper),  they  may  be  regarded  as  upper  and  lower 
beds  of  the  same  formation,  passing  into  each  other 
without  any  well-defined  line  of  separation.  The 
upper  red  sandstone  (gr^s  bigarr^)  varies  very  much 
in  character  and  apj)earance  in  different  situations  ;  it 
may,  however,  be  generally  described,  as  a  siliceous  or 
quartzose  sandstone  ;  in  some  situations,  it  is  finely 
grained  and  hard,  and  furnishes  durable  building  stone. 
In  other  situations,  it  is  coarsely  granular,  soft  and 
perishable,  and  sometimes  graduates  into  red  marl. 
In  some  parts  the  lower  beds  are  a  conglomerate,  and 
sometimes  it  occurs  as  a  soft  sandstone,  enclosing 
rounded  pebbles  of  quartz  and  Lydian  stone,  granite 
and  porphyry,  as  in  the  rock  on  which  Nottingham 
and  the  Castle  stand.    In  the  lower  part  of  this  divi- 
sion, as  well  as  in  that  beneath  the  magnesian  lime- 
stone, the  beds  are  sometimes  porphyritic,  and  contain 
imperfect  crystals  of  felspar  ;  sometimes  they  pass 
inio  amygdaloid  and  trap.   The  fine  siliceous  sand- 
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stones,  when  closely  examined,  are  often  found  to 
contain  fragments  of  the  neighbouring  rocks :  thus 
the  sandstone  in  the  vicinity  of  Charnwood  Forest,  as 
before  stated,  contaiDs  fragments  of  slate  and  chlorite 
slate;  and  the  conglomerate  beds  qn  the  northern 
side  of  that  range  of  hills,  are  principally  composed 
of  fra^ents  of  granitic  and  slate  rocks.   The  colour 
of  this  sandstone  is  also  as  various  as  its  qualities^ 
being  red,  grey,  yellowish  brown,  or  an  intermixture 
of  the  latter  colours  w  ith  spots  and  stripes  of  red.  In 
England  this  sandstone  has  frequently  been  confounded 
with  the  red  sandstone  and  conglomerate,  that  occur 
under  the  upper  transition  limestone,  called  by  Eng- 
lish geologists  the  old  red  saiulstone.    But  the  old 
red  sandstone  of  foreign  geologists,  or  roth-todie 
Uegende     the  gris  ancien  of  Daubuisson,  covers  the 
coal  formation,  and  therefore  corresponds  with  the  • 
lowest  beds  of  the  English  new  red  sandstone,  before 
noticed. 

Where  the  red  marl  and  saiidstone  formation  is 
fully  developed,  it  may  be  arranged,  as  before  stated, 
under  three  divisions  :  the  lower,  which  corresponds 
with  the  roth'todte  Uegende,  consisting  of  fragments  of 
different  rooks  cemented  by  sand  or  marie,  and  of 
beds  of  coarse  sandstone  and  of  imperfect  porphyry; 
this  occurs  below  magnesian  limestone :  the  middh 
beds,  consisting  chiefly  of  sandstone,  called  by  the 
French  gris  rwge  ;  and  the  ujpper,  consisting  of  varie- 
gated  sandstone  and  marl,  in  which  beds  of  rock-4uiIt 
and  gypsum  occur:  this  corresponds  with  the  grh 
bigarrd  and  inanies  irrisees  of  the  French.  In  Eng- 
land the  three  divisions  ot  tliis  formation  rarely  if  ever 
occur  together,  accompanied  with  magnesian  lime- 
stone ;  but  it  should  appear,  from  the  situation  of 
these  difierent  beds  on  the  Continent,  that  the  place 
of  the  magnesian  limestone  is  between  the  lower  and 
the  middle  division ;  for  the  magnesian  limesttme  or 

•  The  name  Roth-todte  Hegende,  or  red  dead  lyer^  was  first  ap- 
plied to  what  the  English  call  the  old  red  sandstone,  below  the 
coai  ibrmatioD,  because  no  coal  was  found  under  it. 
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Meicksiemf  rests  on  the  conglomerate  beds  of  red 
sandstone. 

In  the  third  number  of  the  Annalesdes  Mines,  1997^ 
there  is  a  veiy  full  account  of  the  different  arenaceous 
strata  that  separate  the  coal  strata  from  lias  lime- 
stone, along  the  feet  of  the  Vosges  mountains  on  the 

eastern  side  of  France,  by  M.  L.  Elic  de  Beaumont. 
This  account  throws  considerable  light  on  a  part  of 
geology,  hitherto  obscured  by  the  conflicting  opinions 
of  former  observers,  and  assimilates  the  red  sandstone 
of  France  and  Germany,  with  the  different  divisions 
of  the  sanu'  formation  in  England.  The  Vosges 
mountains  are  composed  of  granite  and  transition 
rocks,  and  at  their  feet  there  are  several  coal-fields : 
the  coal  strata,  and  also  the  lower  declivities  of  the 
granite,  are  in  part  covered  unconformably  by  nearly 
horizontal  strata  of  red  sandstone,  and  this  is  co» 
vered  by  lias  limestone.  We  have  here,  on  a  hu^^er 
scale,  an  exact  correspondence  with  the  geology  of 
the  Chamwood  Forest  district,  where  the  granite  and 
slate  rocks  are  bordered  by  coal  strata,  and  are  both 
partly  covered  by  horizontal  strata  of  red  marl  and 
sandstone;  and  this  again  is  covered  by  lias  lim^ 
stone.  The  red  sandstone  of  the  Vosgea  isy  however, 
more  developed ;  the  lowest  part  consists  of  conglo- 
merate and  porphyroidal  beds :  these  cover  the  coal 
strata;  they  agree  in  their  mineral  characters  pre- 
cisely with  the  conglomerates  in  the  Englisb  red 
sandstone,  particularly  those  of  Devonshire,  and  are 
described  by  M.  Beaumont  as  being  the  true  7^o//i. 
todte  tiegende.  Above  this  occurs  a  considerable 
thickness  of  strata  of  red  sandstone,  which  passes  by 
gradation  into  the  conglomerate ;  this  is  the  proper 
gres  rouge  ;  it  approaches  in  its  character  nearer  to 
the  gres  bigarre  than  to  the  lower  beds.  The  varie- 
gated sandstone,  or  gres  bignrre,  covers  the  gres  des 
Vosges ;  but  there  appears  to  have  been  a  consider- 
able degradation  of  the  surface  of  i\\Q  gres  des  Vosges^ 
and  also  a  disturbance  of  the  beds  by  subsidence  or 
faults,  before  it  was  covered  by  the  gres  bigarre  or 
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variegated  sandstone :  nevertheless  they  are  evidently 
members  of  the  same  formation. 

In  the  beds  of  the  gr^  bigarre  there  are  foimd 
thin  beds  and  concretions  of  magnesian  limestone ; 
and  above  this  is  a  more  extensive  formation  of 
smoke  grey  limestone  called  ynuschel  kalk^  abounding 
in  organic  remains.  In  this  limestone,  the  beautiful 
fossil,  the  lily  encrinite,  is  found.  (See  the  cut.)  The 
muschel  kalk  occurs  also  in  Germany,  but  is  entirely 


wanting  in  England.  In  its  mineral  characters  it 
bears  a  near  resemblance  to  the  limestone  called  lias, 
but  it  is  separated  from  the  lias  of  the  Vosges  by 
thick  beds,  corresponding  with  the  English  red  marl, 
but  called  by  the  French  marnes  irris^es,  from  their 
spotted  and  variegated  colours.  The  fossils  in  the 
muschel  kalk,  bear  a  nearer  relation  to  those  in  the 
lias,  than  to  the  shells  in  the  magnesian  limestone 
below  it ;  but  neither  belemnites  nor  gryphites  occur 
in  this  limestone  in  the  Vosges.  Its  chief  fossils  are 
the  lily  encrinite,  two  species  of  ammonite,  the  tere- 
bratula  subrotunda,  and  a  species  of  muscle.  Acr 
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irording  to  M.  £.  Beaumont,  were  it  not  for  tbe 
ntervention  of  the  muschel  kalk,  there  would  be  a 
eomplete  passage  of  the  red  sandstone  into  the  red 
marl,  as  occurs  in  England. 

'  JtedMarL  MarnesirrisieSfKemer.'^Thiseomn 
the  red  sandstone,  in  beds  of  consiuerable  thickness : 

it  forms  a  stiff  loam,  generally  of  a  red  colour,  with 
greenish  or  yellowish  spots  or  stripes.  Sometimes 
the  beds  themselves  are  of  a  greenish  or  yellowish 
colour.  These  beds  are  in  some  situations  five  hun- 
dred feet  or  more  in  thickness :  this  has  been  ascer* 
tained  by  boring  to  the  rock-salt  in  Worcestershire 
and  Cheshire.  It  is  in  this  red  marl^  that  the  rock- 
salt  in  England  has  been  hitherto  found.  It  also 
contains  blocks  of  massive  gypsum,  and  layers  of 
fibrous  gypsum.  Fine  sections  are  made  in  this 
marl  by  the  river  Trent  at  Cliflon  near  Nottingham, 
and  seven  miles  east  of  that  town ;  and  also  by  the 
river  Soar  at  Red  Hill,  near  its  junction  with  the 
Trent.  In  all  these  localities,  fibrous  gypsum  of 
extraordinary  beauty  abounds. 

The  beds  of  red  marl  and  sandstone  of  this 
formation,  occupy  a  considerable  part  of  the  midland 
counties  in  England,  extending  from  the  eastern  side 
of  Yorkshire  into  Devonshire,  and  on  the  west,  widi 
some  interruption,  from  Cumberland  to  Gloucester* 
shire.  The  beds  or  strata  never  attain  any  consider- 
able elevation  in  England ;  they  cover  or  enclose 
.rocks  of  other  formations :  in  Leicestershire  and 
Warwickshire  they  surround  rocks  of  sienite,  granite, 
porphyry  slate,  greenstone,  and  quartz.  The  granite 
and  greenstone  of  the  Malvern  Hills,  are  covered 
on  the  southern  side  by  the  same  red  marie  and 
sandstone.  In  Devonshire,  several  rocks  of  greenstone 
and  amjgdaloidal  trap  are  also  surrounded  by  it:  and 
at  Rouvray  in  France,  on  the  road  to  Diion,  I  observed 
a  low  range  of  sienitic  and  granitic  rocks,  rising  from 
a  similar  red  marl,  which,  like  the  English  red  marl, 
was  covered  by  blue  lias  with  giyphites.  It  was 
formerly  maintained  by  Mi.  Farey,  that  the  sienitic 
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and  granite  rocks  of  Charnwood  Forest  and  JVIalv^qu 
were  merely  anomalous  masses  in  the  red  marl ;  and 
though  this  opinion  was  deenried  extravagant,  and 
afterwards  abandoned  by  Mr.  Farey  himself,  I  am 
inclined  to  believe,  that  there  is  a  greater  conneiuon 
between  these  diflbrent  formations,  than  has  hitherto 
been  admitted.  • 

The  red  marl  and  sandstone  of  England,  appear 
to  me  to  have  been  principally  formed  by  the  disin- 
tegration of  rocks  of  trap,  greenstone,  sienite,  and 
granular  quartz  :  the  iron  in  the  decomposing  trap 
rocks,  has  probably  given  to  this  formation  its  red 
colour.  I  conceive  that  the  argillaceous  marles  have 
also  been  principally  formed  from  the  trap  rocks,  and 
the  siliceous  sandstones  from  the  granular  quartz 
rode.  That  rocks  of  seinite,  trap,  and  quartz,  were  . 
once  extensively  spread  over  the  districts  now  co- 
vered with  red  marl,  might,  I  think,  be  sufficiently 
ascertained,  by  tracing  them  tlirongh  the  red  marl 
districts,  where  they  just  peep  above  the  surface, 
or  they  might  be  discovered  by  sinking.  The  sienitic 
rocks  of  Charnwood  Forest  may  be  distinctly  traced 
into  Warwickshire  ;  from  thence  to  the  Malvern 
Hills  the  connection  may  be  followed ;  and  from 
the  Malvern  Hills  to  the  trap  rocks  in  Gloucester- 
shire^ Somersetshire,  and  Devonshire  j  but  every 
where  accompanied  by  the  red  marl,  or  near  to  it 
The  quartz  rock  at  the  Lickey,  near  Broomsgrove, 
ia  not,  as  has  hitherto  been  believed,  the  only  rock 
of  the  kind  in  the  uiidland  counties;  it  may  be  iijnud 
near  Atherstone,  in  Warwickshire,  and  is  doubtless 
associated  with  the  greenstone  rocks  in  that  neigh- 
bourhood, as  meuibers  of  the  Charnwood  Forest 
range  of  hill&* 

•  In  the  village  of  HartsbiU  neta  Atherstone^  when  the  author 
was  at  ichool  tliere>  the  quarts  rock  was  employed  in  mendii^  the 

KMldss  k  is  granular  without  cement,  and  breaks  into  sharp  edced 
fragments;  U  has  a  light  reddish   colour.    Radiated  oxyaof 
manganese,  of  an  excellent  quality,  has  lately  been  obtained  from 
this  rock  in  considerable  quantities  ;  but  whetlier  it  OCCUn  in  a  vein«* 
or  imbedded,  1  have  not  been  informed.  , 
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I  was  informed  by  T.  Johnston,  Esq.  of  Exeter, 
that  he  had  frequently  examined  the  red  ground  in 
the  vicinity  of  the  different  trap  rocks  in  Devon- 
shire, and  that  he  invariably  found  it  composed  of 
fragments  of  these  rocks,  increasing  in  size  as  he 
approached  nearer  to  tliem.  The  sand  rock  oo 
which  Nottingham  and  Nottingham  Castle  are  boil^ 
has  evidently  been  formed  of  the  ruins  of  more 
ancieni  rocks  in  its  vicinity ;  and  the  roanded  peb- 
bles of  quMtz  and  of  Lydian  stone,  granitet  porphyry, 
jasper,  and  mica-slate,  indicate  that  they  luive  come 
from  rocks,  formerly  connected  with  the  Charnwood 
Forest  range.  Still  nearer  the  Charnwood  hills,  the 
finest  sandstone  contains  fragments  of  slate ;  and  the 
lower  conglomerate  is  almo^?t  entirely  composed  of 
the  fragments  of  the  Charnwood  rocks,  as  before 
observed.  In  the  Vosges,  the  red  sandstone  eveiy 
where  accompanies  the  granitic  and  transition  rocks, 
of  which  it  also  contains  fragments.  It  must  be 
recollected  that  the  rocks  most  disposed  to  deoon^ 
pose  or  disintegrate,  would  be  the  soonest  worn 
down.  With  the  exception  of  the  Malvern  range,  we 
have  no  rocks  of  soft  granite,  or  sienite,  in  England, 
like  those  of  Auvergne,  or  ot'  tiie  1  orcz  mountains  in 
France  j  and  the  reason  wliy  we  have  not^  may  be 
that,  from  their  smaller  magnitude,  they  were  probably 
carried  away  by  those  mighty  inundations,  that  have 
swept  over  our  present  islands  and  continents*  The 
Malvern  Hills,  the  Lickey,  the  Charnwood  Foieat 
Hills,  and  the  trap  rocks  in  Gloucestershire  Somer* 
setshire,  and  Devonshire^  are  the  remaining  nuclei  of 
mach  larger  ranges,  as  the  scattered  fragments  in  tbe 
adjacent,  as  well  as  in  distant  districts  attest.  If  the 
red  marl  and  sandstone  in  England,  and  in  other 
countries,  were  formed  of  decomposing  rocks  of  trap, 
granular  quartz,  porphyry,  sienite,  and  granite,  the 
frequent  occurrence  of  porphyroidal  beds  in  this 
formation,  may  admit  of  a  probable  explanation. 

It  is  not  intended  to  maintain,  that  every  bed  or 
stratum  in  this  extensive  formation  is  composed  priii- 
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cipally  of  the  fragments  of  transition  and  trap  rocks  ; 
but  it  may  safely  be  affirmed,  that  there  are  few 
strata,  in  which  some  of  these  iragtnents  may  not  be 
discovered. 

The  red  marl  produces  some  of  the  most  fertile 
soils  in  England,  which  may  be  partly  owing  to  its 
beiw  formed  of  the  debris  of  soft  trap  rocks.  Some 
basamc  rod^s  decompose  rapidlyi  and  are  knom  to- 
Sorm  soil  favourable  to  vegetation ;  several  basaltic 
rocks  in  Staffordshire,  decompose  into  a  reddish  brown 
clay,  moderately  teiiacious. 

Before  concluding  the  account  of  the  red  sand- 
stone, it  may  be  proper  to  repeat,  tliat  m  a  formation 
of  such  complexity,  it  is  often  difficult  to  determine 
to  which  part  of  the  series  any  particular  bed  be- 
kmgSy  unless  its  situation  be  indicated  by  some  of  the 
fineBtone  beds,  which  sometimes  occur  in  different 
parts  of  it.  Thus,  in  Devonsbire»  the  porphyritio 
beds  and  conglomerates  may  belong  to  the  lowest,  or 
to  the  middle  series  of  sandstones:  their  poaition^  with 
respect  to  the  rocks  on  which  they  rest  unconform- 
ably,  does  not  assist  in  the  discovery.  In  Yorksliire, 
the  very  lowest  series  rest  on  coal  measures,  as  stated 
by  Professor  Sedgwick,  in  his  masterly  and  luminous 
description  of  the  geological  relations  of  the  magnc- 
sian  limestone,  from  Northumberland  to  Nottiugham* 
■hire.  At  Chamwood  Forest,  the  uppermost  aeries 
rests  on  ancient  eranitic  and  slate  rocks,  as  repre* 
lented  in  Plate  III.  fig.  4.  a  In  the  lowest  beda^ 
resting  oa  the  riate»  I  observed  indications  ef  that 
mode  of  formation,  which  I  intend  afterwards  to 
notice.  Professor  Sedgwick  first  ascertained  the  true 
relations  of  the  lower  sandstone ;  but  twenty  years 
before,  in  the  first  edition  of  this  work  (18 13,  p.  270.), 
I  gave  a  brief  account  of  the  Pontefract  sand  rock 
(the  lower  red  sandstone),  in  a  description  of  a  section 
from  the  Yorkshire  to  the  Lancashire  coast :  — The 
magneaian  limestone  is  succeeded  by  yellow  siliceous 
aaadstouey  <hi  which  the  town  of  Pontefract  is  built. 
We  may  consider  this  as  the  boundary  of  the  low 
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calcareous  district :  proceeding  in  a  direction  to 
Wakefield,  we  soon  come  upon  the  argillaceous  coal 
strata  of  the  middle  district/* 

It  deserves  particular  notice,  that  the  red  sandstone 
generally  occupies  the  dcj)ressions  in  the  more  ancient 
strata,  or  what  were  once  deep  valleys,  and  also  fills 
up  hollows  on  the  surface  of  ancient  rocks»  aa  repre- 
sented in  Plate  III.  fig.  4.  a  a.  Now,  as  these  de^ 
pressions  and  hollows  were  originally  filled  ap»  when 
the  surface  was  under  the  ocean,  and  are  now  raised 
some  hundred  feet  above  its  present  level,  without 
any  apparent  disturbance,  this  fact  proves,  that  there 
were  two  elevating  causes  acting  at  different  epochs, 
—  the  first  violent  and  transitory,  which  tilted  up  the 
lower  beds ;  the  second,  more  extensive,  but  more 
gradual  in  its  operation,  which  upheaved  the  whole 
country  above  the  ocean,  and  formed  islands  aod 
continents. 

Magtmim  Limestone.  — The  geological  positioii 
of  this  rock  is  over  the  lowest  beds  of  new  red  sand* 
stone ;  but  where  this  is  wanting,  it  lies  unconfonn* 
ably  over  the  r^ular  coal  formation  :  see  Chap.  VIII. 

It  is  covered  by  the  upper  series  of  new  red  saud- 
stone  and  red  marl. 

The  dolomite  found  in  primitive  and  transition 
rocks  has  been  before  described ;  it  is  commonly 
white,  or  light  grey  and  granular.  That  in  the  aa^ 
condary  strata,  has  genersdly  a  dark  brown  or  a  yel* 
lowish-brown  colour:  it  contains  a  variable  proportion 
of  magnesia,  sometimes  more  than  fifty  per  cent* 

The  presence  of  magnesian  earth,  in  the  pr<q>Qrtioii 
of  nearly  one  half,  in  certain  limestones,  isaftct  thmt 
strongly  militates  against  the  theory,  which  ascribes 
the  formation  of  all  limestone  rocks  to  animal  secre- 
tion ;  unless  it  shall  be  found  that  magnesian  earth, 
is  contained  in  the  shells  and  exuvia?  of  marine  ani- 
mals, I  believe  no  analyses  of  shells  or  coral  Iiave 
yet  been  made,  in  order  to  ascertain  the  presence  of 
magnesia,  as  one  of  their  constituent  elements.  Should 
magnesia  be  found  in  the  exuviss  of  certain  orders  of 
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marine  animals,  and  not  in  others,  it  would  notdiFf 
favour  the  opinion,  that  limestone  was  of  animal  origin^ 
but  might  also  explain  the  cause  of  the  alternation  oi^' 
beds  of  magnesian  limestone  with  beds  of  common 
limestone,  m  the  same  mounfam.  Or  should 
shells  of  one  species  oontain  magnesia,  and  otheot 
of  the  seme  species  none»  it  would  prove  that,  und^n 
diflerent  circumstances,  the  same  animal  might  fom 
ift  diell  of  different  constituent  parts.  •  'n 

Professor  Sedgwick  is  inclined  to  derive  the  magne* 
nan  limestone  from  the  debris  of  beds  of  mountain 
or  transition  limestone,  which  contain  magnesia  ;  but 
many  beds  of  the  magnesian  limestone,  above  the 
coal  formation,  have  as  much  the  ciiaracter  of  original 
rocks  as  the  beds  of*  transition  limestone,  and  the 
difficully  is  not  removed  by  this  liypothesis;  for.  it 
still  remains  to  enquire,  from  whence  did  the  moun^ 
tain  or  transition  limestones  derive  their  magne8ia>P 
Von  Buch  ascribes  the  change  of  the  common  lime- 
stone into  dolomite  in  the  Tyrol,  to  the  action  ef 
volcanic  rocks  and  volcanic  vapours  containing  mag- 
nesia ;  but  this  opinion  is  not  likely  to  obtain  many 
supporters.  Can  the  magnesia  found  in  some  of  the 
chalk  rocks  in  England  or  France,  be  derived  from 
vokaoic  rocks?'  Were  the  theory  of  Von  Buch  true, 
we  ought  to  expect  all  limestone  rocks  in  the  inune-* 
diate  vicinity  of  basalt  to  be  magnesian  ;  but  some 
experiments  which  I  made  on  the  mountain  limeatone 
of  Derbyshire,  in  near  proximity  to  the  toadsUmev 
proved  that  it  did  not  contain  so  much,  magnesia,  as 
the  beds  that  were  much  ftrther  removed  &om  iihe 
latter  rock.  - 

The  magnesian  limestone  is  generally  distinctly 
stratified  ;  the  strata  vary  in  thickness  iiom  a  few 
inches  to  several  feet :  in  the  northern  counties  of 
England  they  are  nearly  horizontal ;  they  border  the 
great  coal  formation,  and  cover  it  on  the  eastern  sidQ« 
This  formation  of  limestone  extends  from  tlie  mouth 
of  the  Tyne  to  near  Nottingham.  The  colour  of  th^ 
limestone  is  generally  a  yellowish  or  reddish  bi^oiff Uf 
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varying  in  intensity  from  a  fawn  colour,  to  that  of  asi 
overburnt  brick.  Some  of  the  lowest  beds  are  bluish 
and  slaty,  and  intermixed  with  marl,  but  these  beds 
seldom  rise  to  the  surface,  and  their  nature  is  little 
known.  Some  beds  of  magnesian  limestone  have  a 
granular  aandy  structuret  others  are  imperfectly  crys- 
talline :  they  possess  a  considerable  degree  of  hard* 
ness.  A  cellular  variety  of  this  limesttme  occurs  near 
Sunderland,  which  has  received  the  name  of  Hooey- 
comb  limestone :  it  agrees  in  most  of  hs  characten 
with  the  rauche  wacke  of  Thuringia,  which  is  pert  of 
the  zetchstein  formation. 

Many  beds  of  magnesian  limestone  yield  a  foetid 
smell  when  rubbed.  At  Sunderland,  the  beds  of  . 
magnesian  limestone  are  more  developed  tlian  in  any 
other  part  of  England  that  I  am  acquainted  with. 
In  an  account  I  published  of  the  Geology  of  Durham, 
in  the  Philosophical  Magaaine  for  1815,  I  estimated 
the  total  thickness  at  one  hundred  and  fifty  yaids. 
Below  the  surface*  this  limestone  has  been  iKmd  into^ 
to  a  considerable  depth ;  the  limestone  was*  as  before 
mentioned,  of  a  bluish  colour.  According  to  Mn 
Farey,  **  under  the  yellow  beds  of  magnesian  lime- 
stone, there  are  several  beds  of  compact  blue  lime- 
stone, abounding  with  Anomia  (Terebratulae)  and 
other  shells ;  some  of  these  beds  differ  entirely  from 
the  yellow  and  red  beds,  and  are  more  useful  for 
agricultural  purposes,  particularly  on  the  yellow  lime* 
stone  lands."  *  This  is  the  marl  slate  of  Professor 
Sedgwick.  The  lower  beds  of  this  foroMlioii  are, 
I  believe,  more  iiillv  developed  in  many  parts  of  the 
Continent  than  in  this  country,  which  occasions  some 
uncertainty  in  classing  them.  The  limestone  of 
Thuringia,  it  is  agreed  by  the  most  respectable  geo- 
logists, is  zetchstein,  corresponding  with  our  mag- 
nesian limestone  ;  the  lower  part  is  a  slaty  marl, 
sometimes  impregnated  with  bitumen,  and  sometimes 
with  sand.    This  bed  contains  Impressions  oi  fish» 

*  Survey  of  Derbyshire,  p.  175. 
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like  the  lower  beds  of  the  slaty  Sunderland  magnesian 
limestone  :  it  contains  also  a  small  quantity  of  copper 
pyriteflb  the  ores  of  kad,  cobaitt  zinc,  bismuth, 
and  arsenic,  and  is  in  some  plaoea  worked  by  the 
miners  £ar  its  mineral  treasures.  Above  this  bed 
there  oocors  a  bladdab-grey  compact  limeetone,  veiy 
hard  and  tenadoiUi  ami  disttncidy  stratified;  over 
this  is  a  ceHnlar  limestone;  and  above  this,  a  blackish 
brown  limestone,  which  yields  a  fbutid  smell  when 
.  struck  with  a  hammer,  and  is  in  some  places  more 
than  one  hundred  feet  in  thickness.  All  these  dif- 
ferent beds,  Humboldt  comprises  under  the  name  of 
zetchstein,  and  agrees  with  other  geologists  in  refer- 
ring them  to  our  magnesian  limestone.  Tiie  lowest 
bed  rests  on  the  red  sandstone,  and  sometimes  alter- 
naAaa  with  it;  but  according  to  some  geologistfl^  the 
connection  between  the  two  formations  of  red  sand- 
stone and  zetchstein  is  such,  that  the  hitter  may  be 
regarded  as  a  subordinate  formation  to  the  former. 
The  upper  beds  of  what  has  been  called  zetchstein, 
alternate  in  Switzerland  with  beds  of  gypsum,  which 
is  intermixed  with  rock-salt :  some  of  the  beds  are 
argillaceous  limestone,  containing  ammonites  and 
belemnites,  and  appeared  to  me  to  have  a  greater 
resemblance  to  lias,  than  to  magnesian  limestone. 

In  the  lower  part  of  the  magnesian  limestone  in  the 
West  of  England,  there  is  a  conglomerate  limestone^ 
which  contains  fragments  of  transition  limestone, 
varying  in  size  from  several  inches  in  diameter,  to 
very  minute  grains. 

The  fossils  in  magnesian  limestone  are  not  numer- 
ous, at  least  in  the  upper  beds.  Fossil  fish  have  been 
found  in  some  of  the  lower  beds  in  the  county  of 
Durham.  One  or  two  species  of  univalves,  and  about 
nine  species  of  bivalves,  occur  in  this  limestone  ;  but 
these  shells  are  extremely  rare,  except  in  one  or  two 
siiaationsi  Some  of  the  shells,  the  productus  and 
Sjpki^f  nearly  resemble  those  in  the  mountain  lime- 
stone with  which  the  magnesian  limestone  appears  to 
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bear  a  greater  analogy,  than  to  any  of  the  secondary 
strata  above  it. 

Magnesian  limestone  furnishes  the  most  durable 
building  stone,  that  is  any  where  found  in  the  upper 
secondary  strata. 

I  do  not  agree  in  opinion  with  those  who  regard 
the  magnesian  limestone  districts  as  unfertile;  and 
perhaps  no  parts  of  England  are  more  salubrious  than 
those  which  have  a  sub^U  of  this  limestone. 

A  few  small  strings  of  lead  ore  have  been  found 
in  the  magnesian  limestone  rocks  near  Sunderland. 
The  limestone  rocks  on  the  coast  of  Durliara  are 
wearing  away  by  the  violence  of  the  ocean  :  they 
have  evidently  extended  much  farther  eastward  than 
they  do  at  present. 

The  magnesian  limestone  of  the  north-eastern  coun- 
ties extends  without  interruption  from  the  mouth  of 
the  Wear,  near  Sunderland,  to  near  Nottingham  ;  but 
it  does  not  occur  in  continuous  beds  south  of  the 
river  Trent  The  magnesian  limestone  of  the.south- 
western  counties,  is  no  where  of  any  great  extent :  it 
forms  insulated  patches,  covering  here  and  there 
transition  limestone,  and  the  coal  measures  uncon- 
fbrmably.  The  different  members  of  the  new  red 
sandstone  formation,  and  magnesian  limestone,  are 
more  fully  developed  in  the  counties  of  Durham  and 
Yorkshire,  than  in  any  other  part  of  England.  In 
Cumberland,  near  Whitehaven,  most  of  the  members 
of  this  formation  are  also  found,  except  the  upper 
new  red  marl.  In  the  Geological  Transactioiis,  IBM 
and  188S,  a  fiill  and  detail^  account  is  given,  by 
ProffeflBor  Sedgwick,  of  the  deferent  beds  as  they  oo* 
cur  in  the  north-eastern  and  north-western  counties, 
accompanied  with  ilhistrative  maps  and  sections. 
From  these  accounts,  the  following  tabular  arrange- 
ment is  extracted. 

Professor  Sedgwick  arranges  the  red  sandstone 
and  magnesian  limestone  of  Durham  and  Yorkshire, 
where  they  are  most  fully  developed,  in  an  ascending 
series,  as  under: — 
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1.  Lower  red  sandstone,  yellow  and  red. 
'  2.  Marl  slate  and  compact  limestone. 
2  a.  Compact  and  shel)/  limestone^  and  variqpited 

marl. 

.3.  Yellow  magnesian  lifnestone. 

4.  Lower  red  marl  and  gypsum. 

5.  Upper  thin  bedded  limestone. 

6.  Upper  red  sandstone. 

7«  Upper  red  marl  and  gypsum.  • 

The  new  red  sandstone  near  Whitehaven  in  Cum- 
berland, has  been  more  recently  examined  by  Pro- 
fessor Sedgwick.    It  consists  of 

No.  1.  Lower  red  sandstone  of  great  thickness. 

2.  Magnesian  conglomerate  beds. 

3.  Magnesian  limestone. 

4.  Lower  red  marl  and  gypsum. 

5.  Red  and  variegated  sandstone. 

In  this  part  of  Cumberland,  the  great  beds  of  the 
upper  red  marl  and  gypsum  of  the  eastern  and  mid- 
land counties  are  wanting. 

REPOSITORIES  OF  ROCK-SALT  AND  GTPSUM. 

It  has  before  been  stated,  that,  beside  magnesian 
limestone,  gypsum  and  rock-salt  are  associated  with 
tlie  new  red  marl  and  sandstone.  Neither  of  these 
minerals  are*  however,  confined  to  tliis  formation. 
Salt  springs  rise  in  manv  of  the  coal  strata,  and 
gypsum  and  rock-salt  are  found  both  in  the  secondary 
and  tertiary  strata ;  but  the  occurrence  of  these  mine- 
rals has  been  regarded  as  most  characteristic  of  the 
new  red  marl  and  sandstone  :  their  principal  reposi- 
tories may  therefore  with  propriety  be  described  in 
the  present  chapter. 

Gypsum  occurs  in  the  new  red  marl  and  sand« 

•  No.  1.  is  the  same  as  a  in  my  tabular  arrangement. 

ii.  2  a.  and  3.  are  calcareous  divisions  of  the  magnesian 
limttitiMieA. 

4.  aiid5.  tre  niiMMr  bedi  that  have  not  bssn  dkoovtredki 
the  midland  ooiiDtiefl. 

6.  Upper  red  sandstone  c. 

7*  Upper  red  marl  and  gYptuma* 
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Stone,  both  fibrous  and  massive.  The  fibrotre  gypsum 
forms  numerous  alternating  seams  in  cliifs  of  red 
marl :  the  seams  vary  in  thickness  from  one  to 
three  inches^  and  might  be  mistaken  for  strata,  but 
they  are  irregular  and  of  limited  extent  In  Notting- 
hamshire, the  fibrous  gypsum  on  the  faanin  of  the 
Trent  is  often  beautifully  white  and  tnunloceof,  «nd 
is  accompanied  with  scales  of  cMorite,  exacdy  similar 
to  what  I  have  observed  in  the  beds  of  gypsum  in  the 
Valais,  in  Switzerland.  The  white  fibrous  gypsum  is 
employed  by  the  paper-makers  to  whiten  writing.  ' 
paper,  and  add  to  its  weight. 

Massive  gypsum  is  graiudar  :  it  occurs  in  irregular 
beds  and  blocks^  in  the  red  marl,  and  is  evidently  a 
local  formation.  Anhydrous  gypsam  is  occaaonally 
met  with  in  Nottinghamshire.  Qypsum  is  associated 
with  rock-salt,  wherever  the  latter  mineral  is  found. 
It  is  now  discovered,  that  the  gypsum  in  the  Alps, 
when  uncovered  in  its  native  tedbi,  is  alwajrs  anhy- 
drous.  Common  gypsum  contains  21  per  cent,  of 
water.  Anhydrous  gypsum  is  entirely  free  from 
water,  and  is  much  harder  and  heavier  than  common 
gypsum.  Should  it  prove  a  general  fact,  that  the 
gypsum  associated  with  rock-salt  is  always  originally 
anhydrous,  it  might  tend  to  elucidate  the  formation 
of  both  minerals ;  a  subject  which  will  be  referred  to, 
after  describing  some  of  the  principal  repositories  of 
rock-salt 

Many  repositories  of  rock*salt  are  situated  near 

the  feet  of  mountain  ranges,  and  have  probably  been 
originally  deposited  in  salt-water  lakes  :  beds  of  rock- 
salt  are  now  found  at  the  bottom  of  some  of  the  salt 
lakes  in  Africa.  But  though  many  salt  formations 
are  in  comparatively  low  situations,  there  are  others 
that  occur  at  great  altitudes,  both  in  the  Alps  and 
the  Cordillems.  In  England,  the  principal  beds  of 
rock-salt  are  situated  at  a  little  distance  fixNn  the 
western  side  of  the  range  of  bill%  which  separate 
the  rivers  diat  flow  into  the  eaatera  and  the  western 

The  rock-salt  of  Cheshire,  is  found  in  the  red  marl 
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above  the  red  sandstODe,  and  probably  rests  uppn  that 
rock;  but  as  the  lowest  bed  of  salt  has  not  been  sunk 
through,  this  cannot  be  yet  ascertained.  The  upper 
bed  m  rock-salt  in  that  county,  is  about  forty-two 
yards  below  the  surface :  it  is  twenty-eiz  yards  thick, 
and  is  separated  from  the  lower  bed  of  salt  by  a 
stratum  of  argiJlaceous  stone  ten  yards  thick.  The 
lower  salt  has  been  sunk  into  forty  yards.  The 
upper  bed  was  discovered  about  a  hundred  and 
torty  years  since,  in  searching  for  coal.  Rock-salt 
at  North wich,  extends  in  a  direction  from  N.  E.  to 
S.  W.  one  mile  and  a  half;  its  further  extent  in  this 
direction  has  not  been  ascertained :  its  breadth  is 
about  fourteen  hundred  yards.  In  another  part  of 
Qieshire,  three  beds  of  rock-salt  have  been  found. 
The  uppermost  is  four  feet,  the  second  twelve  feet, 
and  the  lower  has  been  sunk  into  twenty-five  yards, 
but  is  not  cut  through.  Besides  the  beds  of  rock- 
salt,  numerous  brine  springs,  containing  more  than 
2^  per  cent,  of  salt,  rise  in  that  county.  The  trans- 
parent specimens  of  rock-salt  are  nearly  free  from 
foreign  impurities^  and  contain  scarcely  any  water  of 
crystallisation. 

In  sea^water,  a  large  portion  of  muriate  and  sul- 
phate of  magnesia  is  ibund»  which  gives  it  that  bitter 
nauseous  taste^  distinct  from  its  saltness*  This  differ^ 
enee  in  the  composition  of  sea^water  and  of  vock-salt, 
might  seem  to  indicate  tliat  rock-salt  was  not,  as  some 
suppose,  produced  by  the  evaporation  of  sea-water ; 
but  if  it  were  formed  in  detached  lakes,  it  is  possible 
that  the  waters  of  these  lakes  did  not  contain  pre- 
cisely the  same  salts  in  solution,  as  those  of  tiie  sea. 
We  know  that  the  waters  of  some  of  the  salt  lakes 
existing  at  present,  differ  in  their  contents  from  sea* 
water.  however,  the  evaporation  were  very  slow» 
the  salt  of  the  ocean  would  separate  from  all  its  im« 
purities  by  crystallisation ;  tnese  impurities,  being 
mote  deliquescent,  might  be  washed  away. 

It  may  deserve  notice,  that  few,  if  any  remains 
of  marine  or  otiier  organised  bodies  are  ibund  in 


i 


288  EOCK-SALT  AND  SALT  SPRINGS. 

the  b^s  accompanying  the  rock-salt  of  Cheshire. 
In  the  Polish  salt  mines,  bivalve  shells  and  the  claws 
of  crabs  are  met  with  in  the  upper  strata  of  marl, 
and  v^etable  impressions  in  the  bed  covering  the 
lower  salt,  at  the  depth  of  two  hundred  and  twenty* 
five  yards  from  the  surface.  But  some  of  these  mines 
are  now  believed  to  occur  in  tertiai^  formations. 

The  salt  formation  at  Droitwich  m  Worcestershire, 
appears  to  be  surrounded  by  the  same  kind  of  red 
sand  rock,  and  covered  with  siniiiar  beds  of  gypsum 
and  marl,  to  that  of  Cheshire.  Here  the  rock-salt, 
though  its  existence  has  been  proved  by  boring  to  the 
depth  of  550  fiect,  is  no  where  worked.  The  salt  is 
procured  by  evaporating  the  water,  which  is  nearly 
saturated  with  it. 

Salt  springs  rise  in  some  of  the  coal  strata,  adjacent 
to  the  red  marl  and  sandstone :  in  all  probabiHtjr 
the  brine  is  infiltered  from  that  formation,  into  the 
basset  edges  of  the  strata  overlying  coaL  Hiere 
are  salt  springs  in  some  of  the  coal  mines  in  North- 
umberland, Derbyshire,  and  Yorkshire ;  and  a  spring 
of  brine  rises  in  the  river  Wear,  in  the  county  of 
Durham. 

Brine  springs,  containing  from  five  to  six  per  cent 
of  salt,  rise  in  the  coal  mines  near  Ashby-de-la-Zouch 
in  Leicestershire,  at  the  depth  of  two  hundred  and 
twenty-five  yards  under  the  surface*  A  weaker  brine 
also  arises  in  the  upper  strata :  it  springs  through 
fissures  in  the  coal,  attended  with  a  hissing  noisCt  <K> 
casioned  by  the  emission  of  hydrogen  gas. 

The  coal  mines  at  Asliby  Wolds  are  in  the  centre 
of  England,  and  are  worked  several  hundred  feet  be- 
low the  level  of  the  sea,  which  is  ascertained  from  the 
level  of  the  Oxford  canal  that  passes  near  to  the  pits. 
Had  this  circumstance  been  known  before  the  atten- 
tion of  geologists  was  directed  to  the  structure  of  the 
earth^s  surface,  it  would  have  been  inferred,  that 
brine  springs  so  far  below  the  level  of  the  sea,  bad 
their  source  from  the  waters  of  the  ocean,  percolating 
through  fissures  in  the  earth. 
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Strata  containing  copious  brine  springs  connected 
'  .with  the  coal  measures  occur  on  the  Contineat  of 
fiotth  America,  but  rock-salt  has  not  yet  been  dis- 
covered there.  lo  the  valuable  coal  districts  west  of 
the  Aiiqgahoy  mountains  in  the  United  Statesi  there 
m  brine  springs  both  in  the  strata  above  and  below 
the  coal.  The  strongest  and  most  abundant  supply 
of  brine  rises  from  a  stratum  of  fine  grained  white 
sandstone,  which,  though  very  compact,  contains 
cavities  of  several  inches  in  deptii,  through  which  the 
water  finds  a  free  circulation.  In  the  Muskingham 
valley  in  the  State  of  Ohio,  wells  have  been  sunk  to 
the  brine  to  the  depth  of 900  feet,  which  is  far  below 
the  level  of  the  Atlantic.  The  strongest  brine  yields 
fiftjr  pounds  of  fine  salt,  in  every  fifty  gallons  of 
waler. — See  SUSmanfs  American  Journal  qf  Science^ 
October  18d5«  . 

There  are  many  salt  springs  in  France,  but  no 
mines  of  rock-salt.  The  salt  springs  at  Salins,  in  the 
department  of  the  Jura,  rise  in  the  red  marl  forma- 
tion, and  the  gypsum  with  which  tliey  are  associated, 
is  exactly  similar  to  the  massive  gypsum  in  the  Eng- 
lish red  marl.  The  strongest  of  these  springs  con* 
tains  15  per  cent,  of  salt. 

isk  Switzerland  the  rock-salt  and  gypsum  do  not' 
occur  in  the  red  marl,  but  between  calcareous  beds, 
whiob  are,  I  believe^  analogous  to  the  English  lias» 
Md  will  be  again  mentionea. 

In  Spain  there  are  several  salt  springs  and  beds  of 
rock-salt:  the  principal  formation  of  rock-salt  at 
Cardona  in  Catalonia,  has  been  described  by  Count 
Alexander  Laborde,  in  his  magnificent  work  entitled 
Voyages  Pittoresques  clans  PEspagne. 

**  The  salt  district  of  Cardona  comprehends  tlie 
hiU  on  which  the  town  is  situated,  and  the  environ^ 
of  more  tluin  a  league  in  circumference.  The  sur- 
face is  almost  every  where  covered  with  v^etable 
sfil  to  the  depth  of  six  inches  or  more,  which  renders 
it  productive.  The  place  wiiere  the  rock-salt  is  pro« 
cured  is  a  valley  forming  an  oval,  about  one  mile  and 
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a  half  in  length,  and  half  a  mile  in  breadth  from  east 
to  west,  extent] in^j  from  the  Castle  of  Cardona  to  the 
promontory  of  red  salt  at  the  otiier  end.  The  last  is 
the  most  considerable  of  the  salt  rocks,  and  has  not 
yet  been  worked  :  it  is  six  hundred  and  sixty-three 
feet  in  heigiit,  and  twelve  hundred  and  twenty  feet 
in  breadth  at  its  base.  This  valley  is  also  traversed 
by  a  diain  of  hills  of  rock-salt :  besides  these,  there 
are  other  rocks  of  salt  at  the  feet  of  the  fortress,  and 
upon  the  declivity  of  the  mountain  which  stretches 
to  the  fountain  called  Cancunillo.  The  mountain  of 
red  salt  is  so  called  because  that  colour  predominates; 
but  the  colours  vary  with  the  altitude  of  the  sun,  and 
the  greater  or  less  quantity  of  rain.  At  the  foot  of 
this  mountain  a  spring  of  water  issues,  w  hich  comes 
tlirough  a  fissure  we  perceive  on  the  summit.  The 
rivulet  runs  all  along  the  valley  from  tlie  east,  but 
passes  under  ground  in  part  of  its  course,  particularly 
under  the  hill  where  the  rock«salt  is  mined :  it  rises 
again  to  the  surface  at  a  little  distance^  and,  after 
running  along  the  plain,  discharges  itself  into  the 
river  Cardona.  This  brook  in  rainy  seasons  swells 
the  waters  of  the  riv  er,  which  then  become  salt,  and 
destroy  the  fish  ;  but  at  three  leagues  lower,  the  water 
has  no  perceptible  taste  of  salt.  All  these  salt  moun- 
tains are  intersected  by  crevices  and  chasms  ;  and 
have  also  spacious  grottoes,  where  are  found  stalac- 
tites of  salt,  shaped  like  bunches  of  grapes,  and  of 
various  colours.'*  —  "  Nothing  can  compare  with  the 
magnificence  of  the  spectacle  which  the  mountain  of 
Cardona  exhibits  at  sunrise.  Besides  the  beautiful 
forms  which  it  presents,  it  appears  to  rise  above  die 
river  like  a  mountain  of  precious  gems,  displaying  the 
various  colours  produced  by  the  retraction  of  the  solar 
rays  through  a  prism."  —  Counl  Laborde. 

"  Hungary  and  Poland  afford  the  most  numerous 
and  extensive  repositories  of  rock-salt  in  Europe, 
The  salt  mines  of  Welielska  near  Cracovia  have  been 
long  celebrated  and  frequently  described ;  they  are 
worked  at  the  depth  of  7dO  ieet   The  rodc-salt  ia 
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covered  by  alternate  beds  of  marl  and  conglomerate  ; 
blocks  of'  salt  occur  also  in  the  marl.  Tlie  beds  of 
rock-salt  are  inclined  at  an  angle  of  40  degrees.  It 
is  reniakabie»  that  in  these  mines  of  rock-sait,  there 
arc  spring  of  fresh,  as  well  as  of  salt  water.  At 
Paraid  in  Transvlvania,  there  is  a  vallev  the  bottom 
and  sides  of  wliich  are  pure  rock-salt.  The  mine  of 
Eperies  is  about  990  feet  deep.  Water  is  sometimes 
enclosed  in  the  blocks  of  rock-salt."  —  Brongniart^  * 
Miner  alogie. 

There  is  an  extensive  formation  of  rock-sal t^ 
stretching  on  each  side  of  the  Carpathian  mountains 
fbt  six  hundred  miles,  from  Welielska  in  Poland  to« 
wards  th'e  north,  to  Rimnie  in  Moldavia  on  the  south. 
It  has  indeed  been  observed,  that  rock-salt  and  brine 
springs  most  generally  occur  near  the  feet  of  exten- 
sive mountain  ranges,  which  adds  probability  to  the 
oj)inion,  that  these  ranges  were  once  the  boundaries 
of  extensive  sail  lakes. 

In  the  lofty  deserts  of  Carainania  in  Asia,  accord- 
ing to  Chardin,  rock-salt  is  so  abundant,  and  the  at- 
mosphere so  dry,  that  the  inhabitants  use  it  as  stone, 
lor  buildin<?  their  houses.  This  mineral  is  also  found 
on  the  whole  elevated  table-land  of  Great  Tartary, 
Thibet,  and  Indostan.  Extensive  plains  in  Persia 
are  covered  with  a  saline  efflorescence ;  and  accord- 
ing to  the  account  of  travellers,  the  island  of  Ornius, 
in  the  Persian  Gulf,  is  one  large  mass  of  rock-salt. 

In  the  elevated  mountains  of  Peru,  roek-salt  is  said 
to  occur  at  tiie  height  of  9000  feet  above  the  level  of 
the  sea. 

According  to  the  account  of  Hornemann,  there  is 
a  mass  of  rock-salt  spread  over  the  mountains  that 
bound  the  desert  of  Libya  to  the  north,  so  vast  that 
no  eye  can  reach  its  termination  in  one  direction ;  and 
its  breadth  he  computed  to  be  several  miles.  Rock- 
salt  has  also  been  found  in  New  S>buth  Wales. 

It  would  exceed  the  limits  intended  for  the  present 
volume,  to  enumerate  the  diflerent  places  in  which 
tills  valuable  mineral  occurs.    I  only  propose  to  uote 
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the  more  remarkable  situations,  presenting  pheno- 
mena that  may  tend  to  illustrate  the  mode  of  its 
formation.   Among  these  should  not  -be  omitted  the 

salt  lakes  on  the  borders  of  Caffraria,  east  of  the  Cape 
of  Good  Hope,  which  contain,  at  their  bottom,  thick 
beds  of  rock-salt  variously  coloured. 

There  is  a  remarkable  formation  of  salt  at  Posa 
near  Burgos,  in  Castillo,  placed  in  an  imiiiense  crater 
•  of  an  extinct  volcano,  in  which  arc  found  pumice- 
stone  and  puzzolana.  The  volcanic  mountain  ot  C'o- 
logero,  near  Sciacca,  in  Sicily,  contains  in  its  beds  a 
considerable  intermixture  of  common  salt ;  and  masses 
of  rock-salt  occur  in  other  parts  of  the  island,  im- 
bedded in  clay.*  In  these,  and  in  some  other  in- 
stances, it  is  probable  that  subterranean  lire  may  have 
been  an  active  agent  in  the  formation  of  rock-salt, 
by  evaporating  the  waters  of  salt  lakes,  or  of  coun- 
tries recently  emerged  from  the  ocean. 

The  rapid  formation  of  rock-salt  in  Syria,  during 
one  of  those  igneous  eruptions  which  have  at  times 
overwhelmed  certain  portions  of  the  globe,  is^  per« 
haps^  obscurely  alluded  to  by  the  sacred  writer,  who 
has  narrated  the  early  history  of  the  human  race. 
Gen.  chap,  xix.t  The  salt  lakes  existing  in  that 
country  are  well  known. 

~  Whether  all  the  repositories  of  rock-salt  above 
enumerated  occur  in  the  red  marl,  cannot  in  the 
present  state  of  our  information  be  accurately  ascer- 
tained* The  great  formation  of  rock-salt  and  gyp- 
sum near  Bex  in  Switzerland,  constitutes  two  large 
and  extensive  beds.  The  lowest  rests  upon  black 
limestone,  argillaceous  limestone,  and  sandstone; 
and  between  the  lower  gypsum  and  the  upper,  there 
are  thick  beds  of  argillaceous  limestone,  and  similar 
argillaceous  limestone  forius  caps  over  the  upper  gyp- 

•  Travels  in  Sicily,  by  Lieut.-General  Cockburn. 

f  Jerome^  who  resided  in  Syria  in  the  fourth  century,  informs 
us»  that  the  rock  of  salt  was  existing  in  bis  time;  and  fancifully 
relates  certain  peculiarities  respecting  it,  wliicb  equal  in  absurdity 
the  legends  of  the  darkest  ages  of  pajpal  superstition. 
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sum.  The  gypsum  in  the  large  beds  is  anhydrous, 
and  contains  particles  of  rock-salt  and  common  gyp- 
sum disseminated  through  it.  The  prevailing  fossils 
are  ammonites  and  helemnites. Travels  in  ihe 
Tarentaise^  p.  415. 

The  mineral  characters  of  the  strata  at  Bex,  and 
the  imbedded  fossils,  incline  me  rather  to  refer  the 
argillaceous  limestone,  over  and  under  the  gypsum 
and  salt  beds»  to  the  English  lias,  than  to  magnesian 
limestone.  Many  beds  of  the  lias  in  England,  con* 
tain  much  muriat  of  soda  and  sulphat  of  magnesia. 

The  saliferous  gypsum  in  the  Tarentaise  is  anhy- 
drous, and  contains  a  considerable  quantity  of  silex ; 
it  occurs  interstratifiod  with  limestone,  which  bears  a 
nearer  resemblance  to  the  mairncsian  limestone  tlian 
to  lias.  The  tops  of  some  of  the  mountains  are 
covered  with  beds  of  common  gypsum,  intermixed 
with  native  sulphur.  In  one  of  tlie  rocks  associated 
with  the  gypsum  formation,  I  discovered  a  fossil 
Patella.  Though  a  branch  of  the  Ecok  des  Mmes^ 
with  able  instructors  from  Paris,  had  been  for  some 
years  established  at  Moutiers,  close  to  the  salt  form- 
ations, a  very  erroneous  opinion  respecting  the 
gypsum  of  the  Tarentaise  was  maintained  by  the 
professors ;  namely,  that  the  gypsum  merely  formed 
an  unconformable  covering  over  the  adjacent  moun- 
tains. 1  observed  it  in  several  parts  of  the  valley  of 
the  Doron  near  Moutiers,  as  distinctly  interstratified 
in  the  calcareous  mountains,  as  the  gypsum  of  Mont* 
martre  is  interstratified  between  the  tertiary  form, 
ations  near  Paris.  In  one  of  the  beds  of  gypsum, 
there  was  a  thin  stratum  of  carbonaceous  matter, 
which  soiled  the  fingers  like  coal  smut;  this  is  the 
only  instance  of  carbonaceous  matter  found  in  gyp- 
sum that  I  am  ac([iiainteil  with. 

Transparent  colourless  rock-salt  consists  of  muriat 
of  soda,  nearly  in  the  highest  state  of  purity  ;  or,  ac- 
cording to  vSir  H.  Davy,  of  chlorine  and  sodium.  It 
has  so  little  water  of  crystallisation,  that  it  scarcely 
decrepitates  when  thrown  on  burning  coals,  in  which 
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it  diflbrs  from  salt  prepared  artificially  by  evaporation. 

Specimens  of  rock-salt  brought  from  the  Polish  mines, 
are  less  disposed  to  deliquesce,  than  those  from  Che- 
shire. 'J'he  deep  red  colour,  very  common  to  rock- 
salt,  is  derived  from  the  oxide  of  iron,  llock-salt 
frequently  lies  imbedded  in  clay  or  marl,  in  detached 
masses ;  the  clay  is  oflea  much  impregnated  with  salt, 
which  is  extracted  from  it  by  solution  in  water.  The 
almost  constant  occurrence  of  sulphat  of  lime  (gyp- 
sum) with  rock-salt,  is  also  a  fact  of  considerable 
interest.  It  is  curious  to  observe  the  two  most  power- 
ful acids,  the  sulphuric  and  muriatic,  so  nearly  asso- 
ciated in  the  same  place.  Tins  fact,  in  a  more 
advanced  state  of  science,  may  elucidate  the  chemi- 
cal changes  which  have  efiected  the  formation  of 
these  minerals. 

The  most  natural  hypothesis  respecting  the  form- 
ation of  rock-salt,  at  least  in  some  situations,  is  that 
before  stated,  which  attributes  it  to  the  gradual  eva- 
poration of  lakes  and  pools  of  salt  water>  which 
remained,  when  the  ocean  retired  firom  the  present 
continents.  This  mineral  by  slow  evaporation  would 
be  separated  from  the  impure  salts  that  exist  in  sea 
\vater;  and  as  these  salts  are  more  deliquescent  than 
rock-salt,  they  miglit  be  washed  away,  betbre  the  beds 
ot  rock-salt  were  covered  with  earthy  strata. 

The  occurrence  of  anhydrous  gypsum  with  rock- 
salt,  whicli  is  also  anhydrous,  would,  however,  indi- 
cate the  action  of  heat  in  the  formation  of  these 
minerals;  for  it  is  scarcely  possible  to  conceive  any 
mode  of  aqueous  deposition,  that  could  form  anhy- 
drous gypsum :  but  common  gypsum  might  be  fused 
hy  heat,  and  its  water  of  crystallisation  expelled ;  it 
would  then  be  converted  into  anhydrous  gypsuro. 
From  the  observations  ot  M.  (Jarpenlier  at  13ex,  it 
appears  that  the  great  beds  of  gypsum  associated 
with*rock-salt,  are  always  found  to  be  anhydrous 
when  they  are  laid  open  to  the  atmosphere,  but  they 
soon  absorb  water,  and  are  converted  into  conmion 
gypsum.    The  saliierous  gypsum  in  other  parts  of 
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the  Alps,  is  also  anhydrons;  and  if  it  should  appear 
that  the  beds  of  gypsum  associated  with  rock-salt  in 
other  countries  are  anhydrous,  where  they  have  not 
been  exposed  to  the  action  of  moisture,  it  woukl  add 
much  probability  to  the  opinion,  that  the  cojiso- 
lidation  of  rock-salt  and  gypsum  had  been  etiected 
by  heat. 

Observations  and  Inquiries  relating  to  the 

New  Red  Sandstone. 

The  new  red  sandstone,  considcrod  as  one  extensive  group  or 
fornaation,  presents  greater  diversity  of  character  than  any  other 
secondary  formation  ;  it  is  for  tlie  most  part  evidently  composed  of 
the  d^bns  or  detritus  of  older  and  lower  rocks,  torn  off  probably  by 
the  great  conviiktoDB  which  at  different  timea  tilted  op  the  lattert 
and  spread  Uie  ftagmenta  ftr  aod  wide  over  them,  in  unconibmiable 
beds. 

This  deposition  must  have  taken  place  under  the  ocean,  during 
periods  of  great  violence  and  disturbance,  succeeded  by  periods  of 
repose,  when  the  calcareous  beds  of  stratified  limestone  were  form- 
ed. The  state  of  the  globe  in  those  periods  of  convulsion,  was 
doubtless  unfaTourable  to  the  existeoce  of  organic  life*  A  few 
ibssfl  vegetable  remains  occur  in  the  new  red  sandstone  of  Eng- 
hmd,  such  as  calamites  and  equiseta ;  but  I  think  it  highly  probable 
that  some  of  these  remains  have  been  transported  from  the  coal 
strata,  %vhich,  like  the  rocks  below  them,  must  have  suffered  con 
siderable  denudation.    There  are,  however,  indications  that  dry 
land  or  marshes  existed  in  some  parts,  when  the  red  sandstone  was 
deposited,  as  the  foot  marks  of  a  species  of  tortoise  have  been  dis- 
covered, imprinted  on  the  new  red  sandstone  of  Dumine»«hire,  and 
the  remains  of  reptiles  have  been  found  In  the  magnesian  conglo- 
merates near  Bristol,  and  of  animals  supposed  to  be  saurims,  in 
the  new  red  sandstone  of  Warwickshire.    These  discxjveries  are  of 
ini})ortance,  as  they  mark  a  progressive  advancement  of  aniiDul 
existence;  for  no  species  of  reptile  has  hitherto  been  found  in  the 
coal  strata,  or  in  the  transition  rocks  below  them.  Professor  Hitch- 
cock, of  MassadiusetSy  in  the  United  States^  has  recently  olraerved 
in  what  he  describes  as  new  red  sandsCmie,  numerous  impresskins 
of  Uie  feet  of  birds  of  the  order  of  Gralbe  or  Waders.— jSMIimnn's 
American  Journal  of  Science^  Ac.  January,  1836. 

These  discoveries  in  the  new  red  sandstone  make  us  actjuainted 
with  the  earliest  known  indications  of  the  existence  of  two  higher 
classes  of  vertebrateil  animals,  reptiles,  and  birds.  In  the  transi- 
tion rocks,  and  the  coal  measures,  we  only  find  the  remnins  of  the 
first  or  lowest  dass,  fish. 

From  the  great  diversity  of  mineral  character  in  the  strata  of 
new  red  sandstone,  in  different  situations,  or  even  at  different 
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ciepdit  ill  the  asme  locality  nadi  unoertamiy  has  prevaiM  is 
identifyiiig  the  beda,  particulariy  the  lower  ones,  in  ditterent  dis- 
tricts ;  and  geologiata  are  acarcely  yet  agreed,  whether  the  red 

sanilstonc  and  conglomerates  tliat  skirt  the  soutlicrn  sltlc  of  the 
Grampian  mountains  in  Scotland  belong  to  tlie  new  red  sandstone, 
or  to  the  old  red  sandstone  of  the  transition  series.  Indeed  the 
mineral  characters  alone  could  not  determine  the  geological  posi- 
tioD,  without  an  extensive  examination  of  the  relationf  of  the 
aaodfltone  with  the  atrata  above  it.  It  is  possible,  however,  that 
the  sandstone  and  coDglomerates  that  skirt  the  Grampians,  maj 
neither  be  of  the  same  age  as  that  of  the  old  red  sandstone,  or  that 
of  the  new  red  sandstone  of  South  Britain.  If  the  red  f^and- 
stone  and  conglomerates  were  formed  of  the  detritus  of  the  lower 
rocks,  at  the  period  when  the  latter  were  upheaved,  this  period 
may  have  been  very  different  in  dis^tunt  countries.  The  granite  of 
-  the  Grampian  mountabs  nay  have  been  upraised  at  a  period 
anterior  to  the  elevation  of  the  granitic  mountains  in  England,  or 
those  in  Dumfriesshire  and  the  south  of  Scotland*  I  have  shown 
in  the  preceding  chapter,  that  the  elevation  of  the  granitic  beds  in 
Englatul  was  anterior  to  the  upheaving  of  the  granite  of  iSIont 
iJlanc.  The  violent  convulsions  by  which  the  primary  mountains 
were  upraised,  must  have  occasioned  a  long*continued  and  tre- 
mendous  agitation  of  the  ocean,  sufficient  to  tear  off  immense 
portions  of  rock,  and  to  break  them  into  fragments,  and  spread 
them  over  a  vast  extent  of  surface.* 

Wiioever  lias  examined  with  attention  the  new  red  sandstone  in 
the  vicinity  of  granitic  rocks,  will  have  seen  tliat  it  is  chiefly  com- 
posed of  fragments  of  those  rocks,  intermixed  witli  small  grains  of 
sand,  cemented  together  in  beds  more  or  less  adherent.  In  the 
section  of  Cliarnwood  iurest,  (Piute  11.  fig.  1.,)  a  mass  uf  red 
sandstone  a,  rests  upon  elevated  beds  of  slate  e  e,  1  dosdy 
examined  the  beds  in  contact  with  the  shite,  and  found  they  con- 
tained numerous  small  sharp-edged  fragments  of  slate,  intermixed 
with  small  fragments  of  quartz  and  forest  rocks,  imbedded  in 
yellow  sandstone,  which  became  striped  and  coloured  witli  red  in 
thu  upper  beds.  No  large  masses  or  rounded  holders  of  the  forest 
roeks,  occur  in  the  sandstone  adjoining  the  forest.  They  were 
probably  transported  to  a  distance,  during  the  firstpcriod  of  the 
coovttbion,  by  which  the  rocka  were  upraised.  The  sandstone 
firmed  in  depressions  of  the  rocks,  was  evidently  deposited, 
when  the  violent  turbulence  of  the  ocean  had  nearly  subsideilL 
and  the  water  contained  only  earthy  particles  and  small  frag- 
ments, washed  Irom  rocks  in  the  immediate  vicinity  of  the 
localities,  where  the  strata  are  at  present  found.  A  vast  tract  of 
primary  country,  extending  from  Charnwood  Forest  to  tiie  Malvern 

*  What  is  considered  as  the  old  red  sandstone  near  the  Ormpians,  I 

found  to  be  in  some  parts  internii.xt-d  with  particles  of  crvcn  earth  and 
basaltic  rocks,  particularly  close  to  Stonehaven,  where  the  red  con.rloine- 
rate  is  intersected  by  dykes  of  harder  eon^loiucrate,  containing  louncicU 
masses  of  beautifol  dark  felspar  porphyry. 
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Hills,  has  bceo  broken  down,  and  the  granite  buried  under  its  own 
fuiiM.  Some  of  the  rodn  rise  new  to,  Just  abofe^  the  surftoe^ 
here  and  there  in  the  adjacent  oouBties,  sumcieiit  to  afford  proof  of 
their  former  continuity  and  connection  with  the  central  granite  of 

Eni^land.  Some  of  the  sjindstone  formed  in  the  depressions  of  the 
forest  rocks,  is  cjuite  red  ;  in  other  parts  close  adjacent,  it  is  yellow 
or  striped.  The  strata  of  sandstone  above  tlie  slate  at  iSwithiaac^ 
are  about  fifty  feet  in  thickness. 

If  similar  beds  of  the  neir  red  sandstone  were  formed  at  periods 
more  or  less  remote  irom  each  other,  it  may  sufficiently  explain 
the  different  opinions  that  have  beoi  formed,  respecting  ib  con- 
nection with  the  coal  measures.  Some  geologists  on  the  Continent 
maintain,  that  the  lower  beds  of  this  sandstone  are  conformable 
with  the  coal  measures,  and  form  a  part  of  them.  In  some  parts 
of  England,  the  lowest  new  red  sandstone  is  found  conformable,  to 
a  certain  extent,  with  the  coal  measures  beneatli  ;  but  in  oilier 
parts,  at  a  little  distance,  it  occurs  nnconfbrmably.  Too  much 
unportance  has  been  attached  to  this  circumstance ;  Ibr  wherever 
the  coal  strata  take  nearly  an  horizontal  position,  or  are  but  slightly 
inclined,  the  strata  of  red  sandstone  above  may  take  the  same 
position,  and  be  conformable  in  such  situations,  and  unconformable 
where  the  subjacent  strata  are  more  inclined.  Some  German  <^eo. 
logists  maintain,  that  the  lower  new  red  sandstone,  the  rothe  Uxite 
amende,  occurs  also  below  the  coal  measures  of  Germany.  It  is 
probable  that  a  stratum  like  the  limestone  shale  of  Derbyshire^ 
which  occurs  under  the  coal  of  that  county,  may  also  occur  in 
Germany.  This  bed  is  of  great  thickness,  and  is  chiefly  composed 
of  sands  and  marl,  and  contains  in  some  parts  thick  strata  of 
siliceous  sand>;tone :  it  has  a  dark  reddish  brown  colour,  and  may 
be  nii«;takcn  for  the  new  red  sandstone,  where  its  geological  rela- 
tions are  not  easily  to  be  discovered. 

I  am  not  aware  that  anj  formation  analogous  to  the  new  red 
sandstone,  is  found  in  the  vicinity  of  Mont  Blanc^  or  in  any  other 
part  of  Savoy  that  I  examined ;  though  the  secondary  strata  above 
the  red  sandstone  occur  abundantly,  and  have  been  upraised  with 
the  granitic  mountains  of  that  country.  If,  however,  as  I  think 
may  be  proved,  the  granite  was  not  elevated  until  after  the  depo- 
sition of  the  secondary  strata,  which  in  England  rest  upon  new  red 
sandstone,  and  if  this  sandstone  itself  is  formed  from  the  detritus 
of  the  lower  rocks,  it  could  not  have  had  a  place  among  the 
secondary  rodcs  when  they  were  upraised.  It  is  probable  that  the 
vast  beds  of  molasse  or  sandstone,  and  conglomerates  in  Savoy, 
were  formed  in  the  same  manner  as  the  new  red  sandstone,  but  at 
a  much  later  ])eriod,  or  in  the  tertiary  epoch.  1  merely  offer 
these  observations  to  the  attention  of  geologists.  The  elevated 
beds  of  puddingstone  in  the  Valorsine,  composed  of  imbedded  frag- 
ments of  mica  slate,  and  the  lower  rocks  may  perhaps  be  thought 
to  represent  the  conglomerates  of  the  transition  epoch* 

The  opinion  of  some  of  the  French  geologists  respecting  the  new 
red  sandstone,  may  here  be  referred  to. 
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LeGr^g,  masse  principale  de  terrain  houilkr,  prende  sonvcnt 
one  grande  extension,  en  alwDdoiiBaiil  an  moiot  ea  iiM»Mve  putw 
la  boaOle  arcc  TargOe  tehiMeno  qui  YmtShppe^DatAuimm, 

TimU  de  G^ognosie^  totn.  2. 

M.  A.  H.  Bonnard,  in  his  Apper^u  Gioftnostiqtte.  des  Terrains, 
p.  144.,  describes  the  red  sandstone  as  the  upper  part  of  the  coal 
formation. 

A.  HanboMt,  In  hit  Aarf  GioffnoaHqm  mar  h  Qimmm  dm 
Bochetf  p.  199.,  mentions  a  red  sandstone  pawing  iato  |H)qiiiyiy,  aa 
the  un>er  part  of  the  coal  formation  in  Germany. 

Messr«5.  Daubuisson  and  Bonnard  appear  to  have  mistaken  the 
lowest  part  of  the  red  marl  and  sandstone,  for  a  portion  of  the 
regular  coal  strata.  M.  Humboldt  makes  a  dialincdon  baliraea 
the  UDConformabie  fed  tandbloneb  and  the  porphyritic  red  HBd^ 
alone,  vhich  he  cites  aa  apart  of  the  regidar  coal  fonnatioii. 
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CHAP.  XIII. 

ON  THE  LIAS  AND  OOLITIC  SERIES. 

Geological  Position  ol'  Lias  Clay  and  Limestone.  —  Their  Mineral 
Charaeteis. —  Akun-Slate  in  Lias.  —  Remarkable  Organic  Re> 
nniuns  and  Characteristic  Fossils.  —  Extent  of  the  Lias  Form- 
ation in  England. Interesting  Junctions  of  Lias  and  Red 
>Iarl.  —  Lias  of  France  and  the  Alps.  —  Oolite  or  Roestone, 
the  Jura  Limestone  of  Foreign  (ieologists.  —  Mineral  Charac- 
ters, and  remarkable  Organic  Remains.  —  Lower  Oolite  

Oxford  or  Clunch  Clay.  —  Middle  Oolites. —  Kiramerid^e  Clay. 
—  Upper  or  Portland  Oolites.  —  Stonesfield  Slate  — its  true 

^  posit&n  discovered— contains  Organic  Remains  of  Insects^ 
Flying  Reptiles,  and  small  Land  Quadrupeds.  —  Extent  of  the 
Oolite  Formation  in  England,  and  its  abrupt  Termlnatinn.  — 
Sections  of  the  Oolitic  Series  of  Beds  in  Yorkshire  and  the 
West  of  England,  compared  with  a  Section  of  the  Secondary 
Strata  in  Germany. 

In  England,  immediately  over  the  red  marl  or 
Keuper,  there  occurs  a  great  bed  of  dark  grey  argil- 
laceous limestone,  divided  into  thin  strata,  and  asso- 
ciated with  beds  of  day,  called  Lias.  It  is  the  best 
characterised  of  all  the  secondary  strata  (except 
chalk),  both  by  its  mineral  characters  and  its  fossil 
remains ;  and  it  presents  the  same  characters,  through 
a  considerable  part  of  France  and  Germany. 

Tiie  geologist  who  has  taken  a  comprehensive  view 
of  ditiercMit  rock  formations,  and  has  compared  tlie 
resemblance  as  well  as  the  diversity  they  present,  must 
frequently  have  observed  a  tendency  in  nature,  to 
reproduce  similar  strata  in  distant  parts  of  a  scries  of 
strata,  and  even  in  different  formations.  In  the  chap- 
ter on  tlie  Coal  Measures,  I  have  given  examples  of 
the  repeated  recurrence  of  similar  strata  at  different 
depths,  implying  a  recurrence  of  the  same  conditions 
under  which  each  had  been  formed. 

In  the  lowest  part  of  the  magnesian  limestone  in 
the  northern  counties,  there  are  thin  strata  of  marly 
limestone,  called  by  Professor  Sedgwick,  Marl-slate, 
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which  may  be  regarded  as  the  lirst  approach  to  a 
formation  resembHng  lias,  in  many  of  its  characters. 
Ai^ain,  over  the  middle  beds  of  tiie  red  sandstone, 
there  occurs  a  considerable  thickness  of  calcareous 
strata,  in  many  respects  resembhng  lias,  called  the 
Muschel  kalk  ;  it  may,  perhaps,  when  viewed  on  a 
large  scale,  be  considered  as  a  lower  formation  of 
lias,  separated  from  it  by  the  variegated  marls  of  the 
upper  red  sandstone.  This  bed,  as  before  stated,  has 
not  been  discovered  in  England.  The  lias,  therefbi'e, 
cannot  be  mistaken  for  any  of  the  lower  strata ;  it 
selves  as  a  key  to  the  geology  of  the  secondary 
foiiiuUions  in  England,  and  the  first  inquiry  which 
the  student  should  make,  when  he  is  in  doubt 
respecting  the  position  of  any  of  the  secondary 
beds,  should  be^-— i^o^^  U  occur  above  or  below  Ihe 
Uasf 

The  name  Lias  was  probably  given  to  this  formation 
by  the  provincial  pronunciation  of  the  word  k^ersp 
as  the  strata  of  lias  limestone  are  generally  very 
regular  and  flat,  and  can  easily  be  raised  in  slaps  from 
the  quarry.  When  the  lias  beds  are  fully  developed 
with  tlieir  associated  beds  of  clay,  they  form  a  mass 
of  stratified  limestone  and  clay,  several  hundred  feet 
in  thickness,  which  rests  upon  the  red  marl  described 
in  tlic  J)  re  ceding  chapter. 

The  regularly  stratified  lias  limestone  occupies  the 
lower  part  of  the  bed,  and  the  lias  clay  the  upper. 
The  lowest  beds  of  the  limestone  have  oflcn  a  yel- 
lowish white  colour,  and  are  called  white  lias.  The 
blue  lias  limestone  has  a  dark  smoke-grey  colour, 
a  dull  earthv  texture,  and  an  imperfectly  conchoidal 
fracture:  the  purest  beds  contain  from  80  to  90 
per  cent,  of  carbonate  of  lime,  combined  w  ith  bitu- 
,  men,  aluminc,  and  iron.  If  iron  enter  largely  into 
the  composition  of  this  limestone,  it  forms  a  lime, 
when  burned,  winch  has  the  property  of  setting  under 
water. 

The  finer  kinds  of  white  lias  will  receive  a  polish, 
and  may  be  used  for  lithographic  drawings.  Above 
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the  lias  limestone  and  the  lias  clay,  there  occur,  in 
some  situations,  beds  of  sandy  lias,  with  layers  of 
ironstone  in  nodules  :  thia  part  of  the  lias  formation 
has  been  called  marl^tone  in  some  of  the  midland 
counties. 

The  lias  clay  freauentl^  occurs  in  the  form  of  soft  ' 
slate  or  shale,  which  divides  into  very  thin  laminae 
This  shale  is  often  much  impregnated  with  bitumen 

and  with  iron  pyrites,  and  will  continue  to  burn 
slowly  when  laid  in  heaps  with  faggots,  and  once 
ignited  :  during  this  slow  combustion,  tlie  sulphur  ia 
the  iron  pyrites  is  decomposed,  and  combines  with  the 
oxygen  of  the  atmosphere,  and  witli  a  portion  of  the 
alumine  in  the  shale»  and  forms  sulphat  of  alumine 
or  alum.  The  alum  shale  of  Whitby  in  Yorkshire 
is  of  this  kind ;  it  has  rather  a  soapy  feel,  and  a 
slieht  silky  lustre.  When  the  lias  clay  or  alum  shale 
iaUs  in  large  masses  from  thecliffi  upon  the  sea- 
shore, and  gets  moistened  by  sea  water,  it  ignites 
spontaneously,  and  continues  burning  a  considerable 
time.  The  cliffs  of  iias  clay  near  Lyme,  in  Dorsetshire^ 
took  fire  after  heavy  rains,  and  continued  burning  for 
several  months,  about  the  middle  of  tlie  last  centurv. 
At  the  present  time,  a  hill  near  Weymouth  is  ignited 
by  a  similar  cause  ;  it  is  composed  of  bituminous  clay  * 
with  pyrites,  but  it  is  an  upper  bed  in  the  oolite  ibrm« 
ation»  called  Kimmeridge  clay. 

Lias  clay  is  impregnated  with  a  considerable  por- 
tion of  muriat  of  soda,  and  sulphat  of  magnesia 
and  soda.  The  mineral  springs  of  Cheltenham  and 
Gloucester  rise  in  this  clay  ;  but  the  mineral  qualities 
decrease  after  the  sj)rings  have  been  opened  some 
time,  which  proves  tliat  the  saline  matter  is  derived 
irom  parts  of  the  bed  adjacent  to  the  springs,  and  is 
tlieretbre  soon  exhausted. 

The  beds  of  lias  clay  and  limestone  are  particularly 
distinguished  by  the  number  and  variety  of  the  organic 
remains  which  they  contain.  Twentj^  different  kinds 
of  ammonites  have  been  discovered  in  lias»  and  also 
mutilites^  belemnites^  and  other  chambered  shells  in 
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great  abundance.  Univalve  unchambered  shells  are 
not  numerous  in  this  formation,  but  a  great  variety  of 
bivalve  shells  occur  in  it.  The  gryphite  (Gryphea 
iiicun^a),  a  deeply  incurved  bivalve  shell,  abounds  so 
much  in  some  of  the  beds  of  lias,  that  in  France  it 
has  received  the  name  oi  Calcaire  d  gryphites,  Pen- 
tacrinites  al§o  abound  in  the  upper  part  of  the  lias ; 
and  in  conjunction  with  gryphites,  and  the  ammonites 
that  have  a  ridge  between  two  furrows  round  the 
back  of  the  shell,  are  characteristic  of  the  lias  form- 
ation. The.pentacrinite  and  encrinite  were  zoophytes 
with  long  articulated  stems  and  branches :  in  the 
encrinite  the  stem  is  round,  in  the  pentacrinite  penta- 
gonal. The  annexed  cut  represents  part  of  the 
branches  or  arms  of  the  Briarean  pentacrinite. 


A  recent  pentacrinite  found  in  Dublin  Bay  is  given, 
Plate  Vlll.  fig.  17*  I"  this  species  the  arms  are  less 
numerous  than  those  of  the  Briarean  pentacrinite: 
two  entire  specimens  of  the  latter  are  represented  iu 
Dr.  Buckland's  B.  T.,  vol.  ii.,  plates  51.  and  5S,  -i 

Fossil  fish,  with  the  form  of  the  bodies  and  scales 
well  preserved,  are  found  in  flattened  nodules  of  lias 
limestone.  Then.ost  remarkable  fossil  remains  in  lias, 
are  the  skeletons  of  enormous  animals  allied  to  the 
order  of  lizards  or  saurians.    The  bones  and  teeth  of 
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reptiles  have  occasionally  been  found  in  the  new  red 
sandstone ;  but  in  the  lias  and  the  secondary  strata 
above  has,  the  bones  of  saurian  animals  are  so 
numerous,  and  of  such  vast  size,  that  the  epoch  in 
which  these  strata  were  deposited,  has  been  empha- 
tically called  **  the  age  of  reptiles."   From  the  struc- 
ture of  tliese  monsters,  and  the  form  of  their  teeth, 
it  is  evident  that,  like  the  crocodiles  and  alligators  of 
the  present  day,  they  were  eminently  predaceous  and 
carnivorous ;  they  were  for  a  long  period  the  vora- 
cious and  dominant  aristocracy  of  the  animal  king- 
dom —  the  lords  of  the  waters  and  marshes  of  the 
ancient  world.    To  the  Rev.  W.  D.  Conybeare  we 
are  indebted  for  having  determined  the  forms  of  two 
genera  of  these  animals.    The  ichthyosaurus,  or  fish- 
lizard,  had  a  head  resembling  a  dolphin  more  than  a 
lizard,  and  numerous  conical  teeth ;  the  orbit  of  the 
eye  is  uncommonly  large.   Some  idea  may  be  formed 
of  the  magnitude  of  these  animals,  when  1  mention 
that  the  orbit  of  tlie  eye  in  a  head  belonging  to  Mr. 
Johnson,  of  Bristol,  which  I  measured,  was  ten  inches 
long  and  seven  broad  :  the  orbit  in  another  head, 
belonging  to  the  same  gentleman,  measured  nine 
inches  in  breadth.*    The  vertebrae  of  the  ichthyo- 


saurus nearly  resemble  those  of  a  shark,  which  enabled 
it  to  bend  its  tail  with  great  faciHty,  and  assisted  the 
motion  of  its  paddles,  in  propelHng  the  body  with 
gi-eat  velocity  through  water.    The  skeleton  of  the 

•  Mr.  Johnson  of  Bristol  has,  during  many  years,  devoted  much 
time  and  labour,  and  has  liberally  expended  considerable  sums  of 
money,  in  collecting  organic  remains  of  these  saurian  animals  ;  and 
it  is  to  the  collection  of  these  remains,  in  his  private  museum,  that 
we  are  principally  indebted  for  the  discoveries  which  have  bince 
been  made  respecting  them. 
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icbthyosaurus»  as  arranged  by  Mr.  Conybeare»  is 
represented  in  page  d03.  Of  the  ichtiiyosaurus^ 
several  species  nave  been  discovered.  The  plesio- 
saurus  resembles  the  former  genus  in  many  important 

parts  of  its  osteology ;  but  its  vertebra?  have  a  closer 
approximaLiuu  to  tliose  of  the  crocodile  ;  they  are 
only  slightly  concave  :  its  neck  was  longer  than  its 
body,  and  was  composed  of  tliirty  vertebra},  which 
exceeds  the  number  of  the  cervical  vertebrae  of  the 
swan.    (See  the  annexed  cut)    Several  species  of 


plesiosaurt  have  been  determined ;  some  of  them 
were  twenty  feet  in  length.  The  bones  of  both  ani- 
mals are  found  very  commonly  in  the  cliffs  of  Has  at 
Lyme  in  Dorsetshire,  and  on  the  southern  hank  of 
the  Severn.  The  oriianic  remains  in  lias  are  chieflv, 
but  not  exclusively,  marine.  Jiones  of  the  turtle  and 
crocodile  have  been  discovered  in  lias ;  the  Ibssilised 
reuiains  of  terrestrial  plants  also  occur  in  it.  This 
proves  that  dry  land  must  have  existed  in  its  vicinity, 
at  the  period  of  its  deposition. 

A  large  collection  of  the  fossil  skeletons  of  did'er- 
cnt  species  of  these  saurian  animals,  from  the  lias  cliffs, 
at  Lyme  in  Dorsetshire,  has  been  made  by  Thomas 
Hawkins,  Esq.,  and  described,  with  plates,  in  one 
volume,  folio,  entitled  ^*  Memoirs  of  Icthyosami 
and  Plesiosauri**  The  specimens  themselves  have 
since  been  purchased  and  deposited  in  the  British 
Museum. 

Tlie  lias  formation  extends  in  a  waving  line  through 
England,  from  near  Whitby  in  Yorkshire  to  Lyme  in 
Dorsetshire  \  at  both  its  extremities  it  is  fully  deve^ 
]oped>  and  presents  similar  features,  namely,  —  dark 
cltfis  of  blackish  clay  or  alum  shale,  with  a  nearly 
flat  floor  of  lias  limestone  extending  into  the  sea, 
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foniiing  a  natural  pavement,  on  which  the  ohservor 
may  walk  secure,  treadinjr^  at  ahiiost  every  stop  on 
the  organic  remains  of  the  inhabitants  or  a  former 
world,  disseminated  through  the  rock.  These  animal 
remains  arc  generally  surrounded  by  stone  Iiarder 
than  the  other  part  ot  tiie  stratum,  and  project  above 
the  surface.  At  Sandsend,  near  Whitby,  tiie  alum 
shale  has  been  perforated  near  the  sea,  to  Uie  depth 
of  one  hundred  and  thirty  yards,  without  penetratmg 
into  the  subjacent  rock;  to  wliich,  if  we  add  the 
height  of  the  cliffs  above,  it  will  make  a  total  tliick* 
ness  of  Jias  exceeding  two  hundred  and  twenty  yards : 
the  upper  parts  are  more  productive  of  alum  than  the 
lower.*  In  Dorsetshire  the  whole  thickness  of  the 
lias  fimnation  may  be  seen  in  succession :  a  few 
miles  west  of  Bndport,  the  uppennost  bed  rises 
above  the  level  <^  the  sea ;  and  three  miles  west  of 
Lyme  it  tenninates,  and  the  white  lias  (the  lowest 
part  of  this  formation)  may  be  observed  at  low  water 
resting  on  red  marl. 

The  liiis  formation  is  extensively  developed  on  the 
eastern  side  of  France.  In  passing  by  liouvray  to 
Dijon,  in  tiie  year  18!20,  I  was  exceedingly  struck 
with  the  complete  resemblance  of  the  geology  of  the 
country,  with  that  of  Leicestershire  and  Worcester- 
shire. Before  arri\  inix  at  Uoiu  ray,  we  pass  over  red 
marl  i  after  leaving  tiiat  town,  the  road  traverses  a 
a  very  low  range  of  decomposing  sienite  and  granite 
rocks,  exactly  similar  to  those  of  Malvern  ;  after 
which  it  passes  for  several  miles  over  well  cliaractcr^ 
ised  lias,  filled  with  gryphites  and  belemnites :  masses 
of;  the  liai'der  parts,  tilled  with  these  fossils,  are  coi- 
Jeicted  for  keeping  the  road  in  repair. 

In  Englano,  lias  limestone  occurs  almost  always  in 
nearly  horizoiUal  strata,  and  never  attains  any  great 
devstion.  On  the  west  of  Gloucester,  at  Highnam 
Park,  lias  limestone  forms  a  nearly  fiat  pavement, 

*  Mr.  John  Phillips,  in  hi?  rcront  survoy  of  the  Yorkshire  coast. 
Intimates  the  uvcrage  thii-knci's  oi'  the  lias,  coinprisuig  the  lower, 
middle,  and  upper  twds»  at  850  feet,  or  ?83  yardk 
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resting  on  red  marl,  on  the  summit  of  a  hill  about 
t^o  lumdred  and  fifty  feet  above  tlie  level  of  the 
Vale  of  Severn.  From  tliis  point  to  the  north-west 
there  is  no  bed  of  lias  known  in  England  or  Wales, 
except  an  isolated  patch  of  lias  strata  in  Shropshire, 
lately  discovered  by  Mr.  Murchison  ;  but  lias  is  found 
in  the  north-west  part  of  Ireland,  and  in  some  of  the 


lias  rises  considerably  above  the  level  of  the  river ;  it 
is  in  the  flattened  balls  that  occur  in  the  Barrow 
limestone,  that  the  finest  spechncns  of  fossil  fish  are 
found.  The  most  interesting  junction  of  lias  and  red 
marl,  that  I  have  observed^  occurs  in  the  south  side 
of  the  Sevmi  at  Aust  passage,  where  the  red  marl 
may  be  seen  for  a  considerable  distancet  supportira 
the  lias,  but  separated  from  it  by  a  micaceous  bedC 
filled  with  broken  bones  of  saurian  animab,  and  other 
organic  remains.  Another  remarkable  junction  is 
mentioned.  Chap.  II.  The  lias  day,  from  its  com- 
parative softness,  has  been  more  affected  by  the 
action  of  torrents  and  inuiuialions  than  the  strata 
above  or  beneath  it :  hence  it  is  frequently  excavated 
into  valleys.  Some  of  the  mountain  valleys  in  the 
Alps  are  cut  in  lias  clay.  The  lias  limestone  of'  the 
Alps  and  the  Jura,  loses  its  flat  and  parallel  stratifi- 
cation, and  is  bent  and  contorted  in  various  direc- 
tions ;  it  also  frequently  loses  its  earthy  texture,  and 
is  hard  and  semicrystalline,  like  transition  limestone. 

The  Rev.  R.  Halifax,  of  Stan  dish,  near  Gloucester, 
obligingly  showed  me  part  of  the  lias  and  oolite  beds 
in  the  vicinity  of  Cheltenham,  which  he  had  partict^ 
larly  studied.  Between  the  upper  lias  clay  and  the 
oolite,  there  is  a  thick  bed  of  reddish  earth  with 
ferruginous  nodules  inclosing  portions  of  lias;  this 
earth  may  be  seen  cropping  ou^  at  the  foot  of  Ledc- 
hampton  Hill.  No  wdCmariced  natural  division 
exists,  which  can  determine  whether  this  bed  sbotdd 
be  classed  widi  lias,  or  the  oolites.  The  fossils  in 
lias  day,  and  limestone,  are  nearly  Uack,  and  are 
sometimes  incrusted  with  pyrites. 
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The  most  valuable  mineral  subsUuiccs  ()l)taiiic(l 
from  lias  in  England,  are  water-setting  lime  and  alum 
shale.  The  pr()))crty  of  setting  under  water  may 
be  communicated  to  any  kind  of  lime,  by  an  admix- 
ture with  burned  and  pulverised  ironstone.  Many 
of  the  bituminous  and  pyridcal  shales  in  the  coal 
strata  would  yield  alum  by  slow  combustion,  if 
they  could  be  obtained  with  facility.  When  alum 
shale  is  burned,  and  the  soluble  part  is  extracted 
by  water,  it  is  necessary  to  add  potass  before  the 
process  of  evaporation,  as  crystallised,  alum  is  a  triple 
aalt,  coniposea  of  sulpliat  of  alumtne  and  potass. 

O&Hie* — ^The  numerous  beds  of  yellowish  lime- 
stone alternating  with  beds  of  clay,  marl,  sand,  and 
sandstone,  that  compose  the  oolite  fbrmatton  in 
England,  are  of  variable  thickness;  tijcir  auu,iigate 
average  depth,  from  the  top  of  the  uj)per  oolite  to 
the  lias,  may  be  estimated  at  1200  feet.  Tiiese  beds 
may  be  traced  with  little  interruption  along  a  waving 
line  from  the  Cleveland  Hills  in  Yoiksliirc  into 
Dorsetshire.  In  Gloucestersliire  they  compose  a 
lofty  range  of  hills  on  the  south  side  of  the  Vale  of 
Severn,  called  tlie  Cotteswold  Hilis  ;  but  no  strata  of 
this  formation  arc  found  in  any  part  of  Jiiigiand  or 
Wales  north-west  of  the  river  Severn.  In  many 
parts  of  France,  the  oolite  strata,  accompanied  with 
uas,  present  all  the  characters  of  the  same  formation 
in  England ,  but  in  the  Jura  mountains,  where  they 
are  fully  developed,  tlie  mineral  characters  often  differ 
consid^ably ;  and  it  il  only  from  the  geological 
position  and  the  imbedded  fossils,  that  tiiey  can  be 
identified  with  the  English  series. 

Oolite  or  Boestone  receives  its  name  from  the 
small  ^obules,  like  the  roe  of  a  fish,  that  are  im- 
bedded in  many  of  the  strata :  in  some  instances 
these  globules  attain  the  size  of  a  pea,  and  this 
variety  has  obtained  the  name  of  Pisiform  oolite. 
In  England,  nciirly  all  the  beds  of  limestone  that  arc 
oolitic,  in  this  formation,  have  a  yellowish  brown  or 
ocbrey  colour,  by  which  tliey  may  at  first  sight  be 
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distinguislKul  from  lias.  The  limestone  in  whicli 
the  globules  are  imbedded  has  generally  an  earthy 
texture,  and  is  dull  and  inca])able  of  receiving  a 
polish  :  some  varieties  of  oolite  iiave  been  much  used 
for  architecture.  Somerset  House,  and  manv  of  the 
public  buildings  in  London,  are  constructed  of  this 
stone ;  but  it  is  not  durable.  The  occurrence  of 
small  oviform  globules  in  limestone  is  not  exclusively 
confined  to  the  oolite  ibrmation :  in  the  magnesian 
limestone^  and  even  in  tnmsition  limestone,  an  oolitic 
structure  may  sometimes  be  observed.  It  is  not 
yet  ascertained,  whether  these  globules  are  the  result 
of  a  tendency  to  crystalline  arrangement,  or  whether 
they  are  of  animal  ori^n. 

The  organic  remams  that  occur  in  the  different 
beds  of  oolite  are  so  numerous  and  various,  that  it 
would  require  an  ample  volume  to  describe  them 
fully.  It  will,  however,  be  necessary  to  notice  those 
fossil  genera  that  difier  remarkably  from  the  genera 
whose  remains  are  found  in  the  lower  strata,  and  indi- 
aite  a  considerable  change  in  tiie  condition  of  the 
globe,  or  at  least  in  those  parts  of  it  where  the  stiata 
were  deposited. 

It  has  been  already  observed,  that  the  shells  in  the 
lower  strata  were  chiefly  different  species  of  internal 
chambered  shells,  such  as  nautilites,  ammonites,  and 
belemnites,  and  that  univalve  unchambered  shells 
were  nireiy  found  among  them.  By  far  the  greater 
number  of  genera  that  have  left  their  remains  in 
these  strata,  belong  to  the  acephalous  Mollusca,  or 
such  as  had  neither  heads  nor  eyes,  and  Inhabited 
bivalve  sliells.  Even  in  the  lias,  only  about  five 
eenera  of  spiral  univalve  unchambered  shells  have 
been  well  ascertained,  and  the  number  of  species  or 
ot  individual  shells  is  small.  In  the  oolite,  the 
genera  and  species  of  univalve  unchambered  shells 
are  more  numerous,  and  the  individual  shells  of 
several  species  abound  in  some  of  the  strata*  Now, 
as  these  ammals  had  heads  and  eyes,  and  moved  on 
their  bellies  like  the  land-snail,  we  may  infer  that 
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llicy  iliti  not  live  iu  deep  seas,  where  tlie  sense  of 
vision  coultl  not  be  available  ;  tliey  lived  and  moved 
ill  comparatively  shallow  water  near  the  shore. 

The  vertebrated  animals,  whose  remains  are  Ibund 
in  oolite,  are  fishes  and  reptiles  of  the  same  genera  as 
tiiose  discovered  in  lias  ;  some  undoubtedly  belong; 
to  the  crocodile  genus,  and  had  feet,  like  the  livirig 
.species  of  crocodiles  ;  hence  we  may  infer,  that  tliere 
were  dry  land  and  rivers  in  the  vicinity. 

It  may  well  excite  surprise,  that  calcareous  strata 
should  so  rarely  be  found,  which  present  distinct 
indications  of  having  been  formed  exclusively  by 
coralline  polypi ;  particularly  as  coral  rocks  and  reera, 
of  great  extent*  are  so  rapidly  forming  in  our  present 
seas.  There  are»  however,  among  the  strata  of 
oolite,  some  which  are  almost  entirely  composed  of 
madreporites,  and  have  received  the  name  of  coral 
ragg.  There  are  other  strata  which  abound  in  the 
remains  of  fossil  sponges  and  alcyonia,  and  with 
congeries  of  minute  millepores  and  madrepores. 
More  than  twenty  species  of  trochiform  or  top- 
shaped  sj)iral  shells,  and  several  s})ecies  of  echinites, 
are  found  in  the  oolite  strata  ;  but  in  the  lias  below, 
as  before  statetl,  only  a  few  genera  and  species  occur, 
and  the  individual  shells  are  scarce.  The  ^-n/phea 
incurva,  so  common  in  the  lias,  is  rarely  if  ever  found 
in  the  oolite  strata ;  but  another  species,  with  a  broad 
expanded  shell,  called  the  gryphea  dilattddy  is  a 
fossil  frequently  found  in  difierent  beds  of  the  oolite 
formation.  The  shells  and  bones  in  the  oolite  lime- 
stone, have  the  yellowish  ochrey  colour  of  tlie  stone 
in  which  they  are  imbedded  ;  which  may  serve  at 
once  to  distinguish  them  from  the  lias  fossils,  that 
invariably  partake  of  the  colour  of  the  beds  in  which 
they  occur.  English  geologists  make  three  divisions 
of  the  oolite  formation,  which,  taken  in  an  ascend- 
ing series,  are  denominated  the  Lower,  the  Middle, 
and  the  Upper  oolites*  Some  confusion  has  prevailed 
in  the  classification  of  tlie  oolite  beds  by  English 
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geolocrists,  nor  was  the  true  position  of  tlicsc  beds 
accurately  known :  they  have  recently,  however, 
been  attentively  examined  by  Mr.  LonsiUiie,  both 
ill  Gloucestershire  and  vSomersetsliire. 

The  most  natural  division  of*  the  oolites,  is  formed 
by  three  thick  argillaceous  beds.  The  lias  clay 
separates  tlie  lia.s  from  the  lower  oolites  ;  the  Oxford 
clay  separates  the  lower  from  the  middle  division  of 
oolites  ;  and  another  bed  of  bituminous  clay  (called 
Kitmncridge  clay)  separates  tlie  uiiddle  oolites  tirotn 
the  upper  or  Portland  oolite. 

Tiie  lower  oolites,  in  an  ascending  series  above  the 
lias  clay  and  marl»  are — 

C/it'lfe/ihain  oolite,  commonly  called  Li/hrior 
Fullers  enrtJi. 

iSlafjj  cnlcfireous  limestone,  or  ^toncajidd  date, 

Grcdt  oolite. 

Beds  of  da  J/ y  sand,  and  griU 
Forest  marble, 
Cornbra&h, 

Cheltenlum  oolite,  or  inferior  oolite^^ln  the  south 
of  Gioucestershire,  tliis  formation,  according  to 
Mr.  Lonsdale,  consists  of  nearly  e(|ual  divisions  of 
soft  oolite  and  sli<rhtlv  calcareous  sand.  The  beds  of 
freestone  are  not  lilhologically  to  be  distinguislicd 
ironi  those  of  the  great  oolite  j  but  the  beds  vary  in 
4iuaiity  in  different  situations. 

Fullers  earth, — Tlie  clay  so  called  is  of  minor 
importance  in  GiQucestershire,  but  near  Batb«  the 

#  The  Dame  of  Iftfgrwr  OoUie  givcu  to  this  limestone  must  per- 
plex the  geological  student,  as  the  whole  group  of  beds,  includiog 
the  great  oolite,  is  called  the  lower  oolite.  By  designating  it  as 
Cheltenham  oolite  this  oonfusion  is  nvoidrd,  luid  the  Ijcd  it'«^clf  is 
best  displayed  in  the  Cottcswold  Hills,  elosc  to  Clieltenham.  Who- 
ever Cheltenliaiu,  may  obtain  a  distinct  knowledge  ot  the 
ailjacent  geology,  l)y  consulting  a  small  pamphlet  entitled  "  Out- 
line of  the  (ieology  of  the  Neighbourhood  of  Cheltenham^"  by 
K.J.  MurcMsoo^  F.UJ3. 1834^ 
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lliickiiess  of  the  l)ecls  containing  fullers  earth  is  stated 
to  be  one  hundred  and  fifty  feet. 

Slaty  calcareom  limestone^  called  Stonesfiehl  slate 
from  the  remarkable  organic  remains  which  are  found 
in  it  at  Stonestield  near  Blenheim  in  Oxibrdslitre. 
It  was  formerly  supposed  to  lie  above  the  great  oolite ; 
but  its  true  {position,  as  discovered  by  Mr.  Lonsdale, 
is  at  the  bottom  of  the  great  ooKtCi  immediately 
above  tiie  Cheltenham  inferior  oolite.  This  stone 
becomes  fissile  after  exposure  to  the  air:  it  will  be 
more  particularly  noticed  afterwards. 

The  frreat  oolite, — Tliis  contains  the  best  and 
largest  beds  of  building  stone.  In  tlie  neighbour- 
hood of  Batli  it  is  150  feet  in  thickness ;  it  consists 
.  of  softer  and  harder  beds,  composed  of  comminuted 
shells,  intermixed  with  oolite  limestone.  The  upper 
and  lower  beds  of  the  great  oolite  consist  of  coarse 
shelly  limestone  witli  oolite  and  are  called  rag 
stones. 

Forest  marble  consists  of  coarse  laminated  shelly 
oolite,  interposed  between  beds  of  sandy  clay,  con- 
taining laminae  of  grit:  it  comprises  the  clay  odled 
Bradford  clay. 

Cornhrasli.  —  This  is  a  thin  bed,  composed  of 
rubbly  hard  limestone,  generally  in  detached  masses. 
The  external  part  is  brown,  but  the  inner  part  has 
oflen  a  grey  or  bluisli  colour.  This  bed  is  chieily 
remarkable  tor  its  numerous  fossils. 

The  above  arrangement  of  the  lower  oolites  waa 
formed  from  their  occurrence  in  Somersetshire  and 
the  vicinity^  where  they  were  first  studied,  but  it  by 
no  means  represents  the  general  succession  of  the 
beds  in  other  countries.  In  the  eastern  moorlanda 
of  Yorkshire,  the  oolitic  series  are  well  displayed  on 
the  ooosty  and  have  recently  been  described  by 
Mr.  J.  Phillips.  Two  vast  depoattons  of  sandstone^ 
shale,  and  coaH  occur  below  the  combrash  in  the 
ibllowing  order,  ascending  from  the  lias  :— 
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1.  r\  i  riii;inoiKs  beds  above  lias,  thickness   GO  feci. 

^.  Lower  saiulstone,  shale,  and  coal  500 

3.  Impure  limestone,  supposed  to  repre- 

sent the  Bath  oolite  60 

4.  Upper  s^mdstone,  sliale,  aiid  coal  dOO 
6,  Cornbrash  5 


8^2j  feet. 


This  imperfect  coal  formation  ap|>ears  to  be  en- 
tirely wanting  in  £ngland,  south  of  the  H umber. 
In  Savoy,  1  examined  a  coal  formation  which  is 
placed  between  two  beds  of  limestone  and  over  lias : 
tills  I  believe  to  be  anak)£]^ous,  in  j)osition,  to  that  in 
the  eastern  moorlands  of  Yorkshire.* 

Between  the  lower  and  the  middle  oolites  occurs  a 
bed  of  dark  blue  clay^  called  Oxford  or  clunch  clay ; 
the  thickness  has  been  estimated  at  two  hundred 
feet.  Some  of  the  beds  are  bituminous,  and  bear  a 
near  resemblance  to  lias  cla^ ;  they  abound  in  Sep- 
taria:  other  beds  are  much  intermixed  with  calcare- 
ous earth.  In  the  lower  part  of  the  Oxford  clay, 
irregular  beds  of  limestone  occur,  which  have  re- 
ceived the  name  of  Kelloway  rock,  from  being  found 
near  Kelloway  bridge,  in  Wiltshire.  Tl)e  bones  of 
one  sj)ecies  ot  icthyosaurus,  different  from  those  iu 
tiie  lias,  have  been  found  in  the  Oxford  clay. 

The  oolite  al)ove  the  Oxford  clav  has  sometimes 
been  designated  Middle  oolite,  and  Oxford  oolite, 
because  the  best  building  stone  it  aiibrds  is  in  tiie 
vicinity  of  Oxford. 

Middle,  or  O.r/hrd  oolite  consists  of — 
Odcareous  sandstone  and  c/ajr. 
Coral  rngfr, 
(Mcareous  freestone. 

These  beds  pass  into  each  other,  and  vary  much  in 
thickness  in  ditlerent  situations.  The  coral  rag  is  so 
called  from  its  containing  in  some  parts  numerous 

*  Tmvek  in  the  TarcntaiM!^ 
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remains  of  macli'epores  and  coralline  animals 
cnn/ophillia  or  cup-shaped  madrepores,  and  astrea. 
The  calcareous  freestone  consists  of  comminuted 
fragments  of  shells  in  limestone,  more  or  less  oolitic  ; 
the  grains  or  ova  are  sometimes  as  large  as  peas, 
hence  tliis  variety  has  received  the  name  of  Pisolite^ 
or  pea  stone.  The  io\x\\  thickness  of  the  middle 
oolites  is  from  150  to  200  feet. 

Between  the  middle  and  the  upper  division  of 
oolites,  there  occui8»  in  the  western  counties  of  Eng- 
land and  on  th'3  coast  of  France,  near  Boulogne, 
another  thick  bed  of  clay,  which  has  received  the 
name  of  Ktmmeridge  clay.*  It  is  a  greyish  clay 
passing  into  the  state  of  shale*  and  is  sometimes  so  . 
bituminous  as  to  be  used  for  fuel :  its  thickness  in 
some  parts  is  more  than  three  hundred  feet  Bones 
of  saurian  or  lizard-shaped  animals  have  been  found 
in  this  clay.  The  ostrea  ddtoidea  is  the  most 
characteristic  shell  in  the  Kimmeridgc  clay.  It  must 
be  observed  that  tlie  Kinnncridgc  clay  is  not  Ibund 
in  the  northern  counties  of  England. 

Upper  dioUion  of  oolite^  or  Portland  oolite,  consists 
of— 

Portland  sandy  and 
Portland  atone. 
Portland  sand. — This  bed  was  first  accurately  de- 
scribed and  designated  by  Dr.  Fitton  :  it  is  composed 
of  an  intermixture  of  siliceous  and  calcareous  sand, 
containing  green  particles,  like  tliose  in  the  green 
sand  her^^ier  to  be  described*  The  Portland  sand» 
near  Weymouth,  rests  upon  and  graduates  into  Kim- 
merid(^e  clay*  Its  thickness  in  the  Isle  of  Portland 
is  80  feet. 

Portland  stone.— This  stone  is  chiefly  obtained  for 
architecture  from  the  Isle  of  Portland  in  Dorsetshire ; 
it  is  there  about  70  foet  in  thickness,  but  is  of  dif- 
ferent qualities.  The  best  beds  may  be  described  as 
Gonosting  of  cdcareo-siliceous  freestone^  more  or  less 

*  From  Kimnicridge  iti  Dorsetshire,  where  the  bituuiiuous  yhale 
ia  called  KimiueriUge  coaL 
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oolitic   Portland  stone  has  a  yellowish  white  cokmr» 

and  in  the  upper  part  contains  large  nodules  of  flint* 

A  similar  stone  is  found  also  in  the  Isle  of  Purbock  ; 
and  in  a  few  situations  in  Wiltshire,  Buckingliam- 
shire,  and  Oxfordshire;  and  also  on  tiie  opposite 
coast  of  France. 

The  fossils  in  tlic  Portland  stone,  and  in  the  sand 
beneath  it,  are  all  marine,  but  a  remarkable  cliange 
is  observed  in  the  Isle  of  Portland  :  immediately  over 
the  upper  bed  of  building  stone,  there  is  a  thin 
stratum  called  the  dirt  bed,  containing  the  silicified 
remains  of  terrestrial  plants,  evidently  placed  in  the 
situations  in  which  they  originally  grew.  The  strata 
above  the  bed  containing  terrestrial  plants  are  of  fresii 
water  limestone  $  these  will  be  noticed  in  tlie  follow- 
ing chapter. 

It  would  not  be  compatible  with  the  plan  of  this 
work,  to  enter  into  a  detailed  description  of  all  the 
numerous  beds  in  the  extensive  fonnations  of  oolites : 
they  present  general  features  of  resemblance^  both  in 
their  characters  and  fossils*  There  is  one  bed,  how* 
evier,  so  remarkable  for  its  extraordinary  organic 
remains,  that  it  merits  the  particular  attention  of  the 
geologist.  This  is  the  Stonesfield  slate  in  Oxford- 
shire, before  mentioned,  which  is  now  regarded  as 
an  imdoubted  member  of  the  oolite  series.  Its  true 
geological  position  has  been  recently  ascertained  by 
Mr.  Lonsdale ;  it  occurs  immediately  below  the  great 
oolite,  and  not  above  it,  as  was  before  supposed. 

The  Stonestield  slate  consists  of  two  beds  of  yel- 
lowish or  greyish  ooHtic  limestone,  each  about  two 
feet  thick,  and  se])aratcd  by  a  bed  of  loose  calca- 
reous sandstone  about  tlie  same  thickness.  The  8tone»> 
field  slate,  on  exposure  to  frost,  divides  into  thin 
plates,  which  are  used  for  roofing.  The  stone  is  ob- 
tained by  working  horizontal  galleries  in  the  hill, 
which  galleries  communicate  wiSi  deqp  perpendicular 
shafts. 

Strata  of  the  same  fissile  limestone  have  been  traced 
by  Mr.  Lonsdale  through  [)art  of  Gloucestershire  and 
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Somersetshire ;  they  occur  in  a  similar  geological 
position,  beneath  the  great  oolite,  but  do  not  contain 
the  remarkable  fossils  tliat  are  found  in  the  Stones* 
field  slate. 

The  fossil  remains  in  the  Stonesfield  slate  consist 
of  the  impressions  of  the  outer  cases  or  elytra  of 
winged  insects,  and  the  bones  of  small  animals  of  the 
opossum  or  didelphis  ja^nus,  and  also  the  bones  of 
toe  megalosaurus  or  gigantic  lisard,  supposed  to  be 
analogous  to  the  monitor.  From  the  size  of  these 
bones,  it  is  estimated  that  the  animal  to  which  they 
belonged,  was  forty  feet  in  length  and  twelve  feet 
liigh.  Bones  of  the  legs  and  tniehs  of  birds  were 
ftuted  to  have  been  discovered  in  the  Stonesfidd  slate^ 
but  a  more  accurate  investigation  of  these  remains 
proves,  that  they  belonged  to  a  species  of  flying  lizards 
called  pterodactyles.  These  remarkable  animals  were 
of  different  species,  varying  from  the  size  of  a  snipe 
to  that  of  a  cormorant.  According  to  Dr.  Biickland, 
.  in  their  external  form  they  somewhat  rcsemhled  the 
modern  bats,  but  most  of  them  had  the  nose  elongated 
like  the  snout  of  a  crocodile  ;  they  were  armed  with 
conical  teeth,  their  eyes  were  of  enormous  size, 
enabling  them  to  fly  by  night.  See  figures  of  these 
animals,  Buckland,  B.  T.,  vol.  ^^'2.  The 

remains  of  pterodactyles  have  been  found  at  Lyme 
Regis,  and  in  limestone  of  the  Jura  formation,  at 
Aichstadt  and  Solenholfen.  In  the  Stonesfield  slate 
are  also  found  teeth,  palates,  and  vertebraB  of  fishes,, 
and  two  or  three  varieties  of  crabs  and  lobsters;, 
marine  shells,  and  remains  of  plants,  occur  in  the 
same  beds.  The  most  extraordmary  and  anomalous- 
circumstance  which  the  Stonesfield  slate  offers  to  our 
notice  is  the  occurrence  of  bones  of  ^terrestrial  mam- 
malia of  the  same  order  as -the  opossum.  In  no  other 
instance  that  we  are  yet  acquainted  with,  have 
remains  of  terrestrial  mammalia  been  discovered 
in  the  secondary  strata.  If  there  were  islands  in- 
Jiabited  by  any  of  tlie  higher  classes  of  animals  when 
tiic  oolite  beds  were  ibrming,  their  bones  may  have 
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been  carried  Ii3r  rivers  into  the  sea^  and  deporited 

wit  I)  those  of  marine  animals. 

But  thoii«rh  this  hypothesis  might  satisfactorily 
explain  the  occuiTcnce  of  these  remains  in  the  Stones- 
Held  slate,  it  woulti  still  be  not  less  extraordinary, 
that  siniilar  remains  should  have  been  nowhere  tounil 
in  any  of  the  ii])per  secondary  strata  in  England,  nor 
in  other  coinitries  ;  and  that  they  Iiave  never  yet 
been  met  with,  except  in  strata  considerably  above 
tlie  chalk  formation.  The  occurrence  of  wood,  and 
beds  of  lignite  (or  wood  coal),  in  oolite,  confirms  the 
opinion  that  dry  land  existed  somewhere  in  the 
vicinity,  at  Uie  period  when  tlie  oolitic  beds  were 
formed  or  deposited ;  but  no  indication  that  the  land 
was  inhabited  by  terrestrial  quadrupeds  of  the  class 
inainmalia,  )ias  been  hitherto  discovered,  except  in 
the  slate  of  Stonesfield.  In  Sussex  the  strata  above 
the  oolite  contain  the  bones  of  the  megalosaurus  and 
crocodile,  and  those  of  turtles,  birds,  and  fish,  similar 
to  the  fossils  of  Stonesfield ;  but  the  bones  of  mam* 
iniferous  quadrupeds  are  wanting,  and  many  of  the 
shells  are  nuviatife.  Where  teas  the  island  en  which 
the  animals  lived  and  flourished^  that  have  lefi  their 
bones  in  the  strata  of  Stonesfield? 

The  oolite  formation  extends  from  the  sea  coast  of 
])orsetshire  near  Bridport,  to  the  nortiiern  extremity 
of  the  Cleveland  Hills  in  Yorkshire,  in  one  waving 
range  of  hills,  broken  only  by  the  Vale  of  the  Humber. 
The  outcrop  of  the  oolite  beds  forms  the  south- 
western escarpments  of  this  range  ;  and  it  is  truly 
remarkable,  that  not  a  vestige  of  this  formation  is 
Ibunil  beyond  tliis  range,  in  any  ot  the  midland  and 
north-western  counties  of  England.  But  some  traces 
of  the  oolite  series  have  been  discovered  b^  Professor 
ISedgwick,  on  the  north-eastern  coast  of  IScotland, 
and  in  tlie  isles  of  Sky  and  Mull  in  the  western 
Hebrides* 


It  may  be  oaefiil  to  present  the  reader  with  the  order  of  toe- 
ceMioii  and  thicknem  of  the  beds  of  oolite  and  has,  as  thej  omr 
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in  two  ditttnt  pnto  of  England*  the  Bath  dklrict,  Somersetshire, 
liy  Mr.  Lonsdale,  and  the  eastern  moorlands  of  Yorkshire^  by 
Mr.  J.  PkilUps,   They  are  given  In  a  descending  series. 


rit} 


Kimmeridge  day 

Upprr  calcareous  grit 
Coral  ragg 
Clay 

Calcareous  grit 
Oxford  clay     -  - 
Kelloway  rock  • 

Conibrash 
Forest  tuarble :— • 
Clay 

Sand  and  grit 
Clay 

Coarse  oolite 
.'  Sandy  clay  and  grit 

Bradford  clay  - 
Great  oolite  - 
FiAMM9  enrth  • 
Inferior  oolite^  with  aand 

and  grit 
Marl  stone 
Upper  lias  marl 
Blue  lias  - 


Feet. 

-  150 

-  10 

-  40 

-  40 

-  50 

-  300 

-  5 
•  16 

-  15 

-  40 

-  10 

-  25 

-  10 

-  50 

-  140 
150 

130 


Eutern  Uoorlaada. 

Caleareous  jrrit       •  • 

Coralline  oolite  « 

Calcan-oiis  grit  - 

Oxford  clay 

Kelloway  rock 

Combrash  - 

Upper  sandstone,  shalc^  i 

and  coal        -  •/ 
luipuri'  limestone 
Lower  saiJtUtonc,  shale,  ) 

and  coal  •  -  J 
Ferruginous   beds  and  i 

lower  oolite  •  •  / 
Upper  lias  -  -  - 
Miirlstone 

Lower  lias,  resting  on  red  i 
mari  and  sancbtone  j 


Feet. 

60 
60 
80 
150 
40 
5 

200 

30 

500 

GO 

200 
150 

500 


-  10 

-  200 

-  50 

-  10 

tjMfWfWM  mail,  resting  on  \ 
'Vfid  mill  and  sandstone  J 


20 


Id  the  above  aaeUons  it  will  be  seen,  that  though  there  is  a  great 
genend  resemblance  between  the  principal  members  in  each  series, 
there  is  a  considerable  difference  in  the  number  and  succession  of 
tlie  minor  beds  ;  there  is  also  some  diversity  in  the  fossils  in  each 
series.  By  a  comparison  of  both  sections,  it  will  appear,  that  the 
attempt  to  e^tubii^h  an  identity  of  beds,  or  even  of  what  are  called 
equivalents,  in  the  minor  strata  of  a  great  formation  in  different 
districts,  is  a  nseleaa  labour,  and  serves  only  to  perplex  the  student, 
without  leading  to  any  useful  conclusions.  Nor  do  1  think  the 
loner  li'^t^s  of  marine  shells,  in  a  formation  decidedly  marine,  can  bo 
of  any  great  use,  unless  such  shells  discover  some  new  fonns  of 
organic  life  distinct  from  what  has  been  before  observed,  or  unless 
they  enable  us  to  infer  some  change  in  the  condition  of  the  globe, 
when  the  inhabitants  of  such  shells  first  appeared.  The  section  of 
Mr*  J*  Phillips  being  a  coast  section,  has  the  <lisadvantage  of  not 
being  made  in  the  true  line  of  dip,  and  that  of  Mr.  Lon^^dalc  ^vas 
unavoidably  takrn  in  (iiff't  ri'ut  situations  where  the  upper  and  under 
strata  were  not  always  di>played  ;  hence  such  sections  cau  only  be 
regarded  as  valuable  approximations  to  trutli  in  each  district  In 
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Yorkshire  tlie  KinoMridge  d^r  waotm^  and  the  oolites  are 
covered  by  the  chalk  formation,  in  the  lower  part  of  which,  called 
the  Spoctou  cUyt  flome  fcMuU  of  tke  Kiiiuu«ridgc  clay  have  beea 

dif^eovered. 

The  imperfect  coal  formatioDS  in  the  Yorkshire  oolites,  coiitaiu 
impressions  and  remains  of  fossil  plants  of  the  same  fiunilies  as 

those  in  the  regular  coal  formation,  but  M-Iiich  are  stated  by 
M.  Adolj)li('  nrongniart  to  belonir  to  diftVn-nt  spcrirs. 

The  attempt  lias  h(  <  n  fVoqufntly  niadi",  to  iilt  utify  the  secondary 
strata  of  (icnnany  %\  iili  those  of  Englaiid.  The  following  abridged 
view  of  the  Heconilary  strata  in  the  north-east  part  of  Bavaria,  m 
Bohemia»  and  in  Westphalia,  by  R.  J.  Murehison,  Esq^  taken  partly 
from  his  own  observation!^  and  partly  from  what  he  believes  to  be 
fli<  1)rst  authorities,  appears  to  be  the  most  satisfactorv  and 
inti  lli:_'il)l<'  approximation  to  the  Kngli'^h  series  of  serojidary  forma- 
tions that  has  yet  been  made.  The  order  of  succession  in  a 
descending  series  is  here  given. 

fin   Hanover,  clearly  separated  from 
green-sand. 
Divisible  into  upper  caksareous  and 
lower  siliceous  sandstone. 
Oolite  and  coral  ragg^  not  yet  disoovcrod 
in  central  Germany. 

lU  tween  Keidheiui  on  the  S.E.,  and  Pap- 
penheimon  theN.W.,  the  quarry  at  Solen- 
noflSen  it  worked  Ibr  lithographic  stone^ 
!  The  foesil  contents  are  pterodaetyli,  insects 
1  eni<taceous  animabi,  and  tellcnites,  with 
certain  plants :  these  fossils  are  similar  to 
I  those  found  in  StonesHeld  slate,  and  occur 
l^in  a  similar  geological  |>osition. 

The  beds  of  thb  formation  diffin*  much 

nt  parts 
thcfiDssiis 


Chalk. 

Groeu-saudi 
Portland  oolite. 


SoK  niuiiren  slate, 

or  supposed 
'StonesHeld  shite. 


Mi<!dlo  oolite* 
Jura  kalk. 


f  The  beds  of  thb  formation  diffSn 

I  in  their  mineral  characters  in  differei 
\  of  (lennany,  but  contain  many  of  tJu 
Vin  the  l^nglish  middle  oolites. 
r  The  inferior  oolite  of  Wurtemberg,  Ba- 
I  varia,  Hanover,  and  Westphalia,  analogous 
1  to  that  fonnd  on  the  Yorkshire  coast ;  it 
V.  rests  upon  lias. 

{Lias  marl,  and  grypliite  limestone,  occur 
in  the  countries  named  in  the  preceding 
section. 

•  The  Stoncsficld  slate  is  now  discoveml  to  be  lower  in  tJic  oolitic 
Kcries  than  the  middle  oolite,  but  the  remarkable  fos&iLs  it  contains  arc 
suppose<l  to  lie  derived  from  some  utiand  or  continent  to  which  it  wms 
Goatigiioiis.  The  same  fossib  are  not  found  in  this  slate,  remote  from 
StoiU'sficUI.  Any  upper  stratum  of  oolite  niijjht  contain  tlie  derivative 
fossils  of  Stonesfield,  if  it  had  been  situated  near  un  island  nihabtted  by 
shnilar  aainab  to  those  whose  remiuss  are  found  in  the  Stoncsfield  sla;ie. 


Inferior  oolite. 


Lias. 
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dig 


A  fonnaiion  of  purple,  red,  and  ^^reen 
sandstone,  and  marl  of  enormous  thieknef(8, 
reposing  on  miisclit  l  kalk,  and  surmounted 
bv  lias.  Mr.  MurcUUon  believes  that  the 
Keuper  it  the  tnie  rqweBentetive  of  the 
English  red  and  green  marls. 
r  More  than  600  feet  in  thickness ;  contains 
Muschcl  kalk,  J  remainsof  theicthyosaurusandplesiosaurus, 

wantiug  in  England.S  the  crocodile,  and^  turtle :  the  salt  mines  of 

L  Wurtemberg  are  in  this  formation. 
Banter  sandstoms.     1    Analogons  to  the  English  lower  red  saod- 
*  Lower  red  sandstone*  J  stone  with  magnesian  limestone. 

n^u  i^t,^   I-    C    The  Iowe«t  rod  sart»!stone  of  Professor 

I  rejstsontransiUonhmcstone  or  coal  measures. 

It  is  deserving  of  notice,  that  many  of  the  beds  in  t!ie  nbovn 
section  not  only  contain  tl»e  »ame  fossils  as  tho6JC  in  the  English 
series,  but  also  preserve  the  same  mineral  characters.  Where  this 
b  the  cas^  we  can  arrive  at  satisfactory  conclorions ;  and  such 
beds  serve  as  a  key  to  the  discorery  of  the  true  nature  of  the  beds 
above  and  belov  iStam^  where  the  ehancten  mi^  be  leas  dearljr 
defined. 


Keuper. 
Upf^r  red  and  yel-. 
low  nuurU  ^ 
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CHAP.  XIV. 

ON  THE  FRESH-WATER  SECONDARY  STRATA,  DE* 
NOMINATED  PURBECK  STRATA  AND  WEALDEN. 

Extent  of  these  Strutiu — Indications  which  Uicy  afTord  of  repcatt^d 
Elevations  and  Depressions  of  the  Earth's  Surface^ — Porbeck 
Stratairestingupon  the  marine  Strata  of  Portland,  contain  liemaios  . 
of  terrestrial  Plants  and  fresh-water  Animals. — Wealds  of  Sussex, 
consisting  of  Hastings  Sand  and  Weald  Clay,  contain  the  fossil 
remains  of  enormous  herbivorous  Reptiles. — Dr.  Mantell's  De- 
scription of  the  supposed  Appearance  of  the  Country  when  these 
Animab  flourished^The  wliole  Surfiiee  afterwards  sobmerged 
under  the  Ocean,  and  coTered  witfa  a  Deposition  of  marme  Siod 
and  Chalk.-.  Observations  on  the  repeatixK)hangea  from  marine 
to  fresh-water  Formations. 

The  strata  which  tbriii  the  subject  of  the  present 
chapter,  are  of  small  c^eograj)liical  extent,  behig  chiefly 
confined  to  the  counties  of  Dorset,  Hants,  Sussex, 
and  Kent :  some  indications  of  them  have  been  traced 
inland,  as  far  as  Oxfordshire,  and  also  on  the  opposite 
coast  of  France.  But  though  limited  in  extent,  tliese 
strata  ofter  to  the  contemplation  of  the  geologist 
proofs  of  the  action  of  disturbing  causes,  which  may 
have  affected  a  great  portion  of  the  northern  hemi- 
sphere. A  description  of  the  Purbeck  and  Wealden 
beds,  therefore,  becomes  an  essential  part  of  general 
geology,  and  the  labours  of  Dr.  Mantell,  and  Dr.  Fit- 
ton,  nave  made  us  acquainted  with  facts  respecting 
them,  that  are  scarcely  e3M:eeded  in  interest  by  any 
discoveries  in  the  lower  formations. 

Fredirwater  limestone^  and  Purbeck  strala. 

In  the  quarries  in  the  Isle  of  Portland,  the  succes- 
sion of  the  diiierent  beds  immediately  above  the 
Portland  stone  are  distinctly  exposed  to  observation. 
Over  the  strata  containing  remains  of  marine  animals, 
there  is  a  calcareous  bed  about  two  feet  in  thickness, 
and  upon  this  is  spread  a  stratum  of  dark  clay,  called 
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dirt,  from  two  to  six  inches  in  thickness,  in  which  are 
found  fossil  specimens  of  cycadeic,  analogous  to  living 
species  of  cycas  :  they  are  erect,  and  a])])arently  in 
the  exact  situation  in  which  they  once  grew.  TauSy 
at  the  distance  of  two  feet,  we  find  an  entire  change 
from  marine  strata  to  a  stratum  once  supporting  ter-» 
rcstrial  plants  ;  and  should  any  doubt  arise  respecting 
the  original  place  and  position  of  these  plants,  there 
is,  over  the  lower  dirt  bed,  a  stratum  of  fresh-water 
limestoney  and  upon  thb  a  thicker  dirt  bed*,  con« 
taining  not  only  the  cycadeas»  but  stumps  of  trees 
from  three  to  seven  feet  in  height,  in  an  erect  position, 
with  their  roots  extending  beneath  them.  Stems  of 
trees  are  found  prostrate  upon  the  same  stratum  \  some 
of  them  are  from  twenty  to  twenty-five  feet  in  length, 
and  from  one  to  two  feet  in  diameter.  When  I  visited 
ihe  quarries  in  1833,  a  very  large  trc^e  of  this  kind 
was  lying  upon  the  stratum  where  it  had  once  grown  ; 
the  mineral  matter  that  covered  it  iiaving  been  re- 
moved by  the  quarry  men.  These  vegetable  remains, 
though  imbedded  m  calcareous  earth,  are  all  j)ene- 
trated  with  silex.  The  trees  belong  to  the  family  of 
coniferous  plants,  like  the  ])inc.  The  upper  dirt  bed, 
in  which  the  trees  appear  to  have  grown,  is  covered 
by  slaty  fresh-water  limestone  below  tlie  Purbeck 
stone. 

It  is  very  rare  that  such  important  changes  on 
the  8urfiu:e  of  the  globe,  as  from  sea  to  dry  land^ 
and  from  dry  land  to  the  depositions  of  fresh-water 
lakes  or  rivers,  can  be  observed  so  distinctly  in  the 
same  place,  and  immediately  over  each  other,  as  in 
the  Isie  of  Portland.  We  can  easily  imagine  how  the 
bed  of  the  sea  may  be  raised,  and  become  dry  land, 
and  be  covered  with  terrestrial  plants,  but  it  is  by  no 
means  so  easy  to  imagine,  how  the  same  dry  land 
should  become  the  bed  of  a  lake  or  river,  and  be 

*  The  dirt  bed,  where  I  examined  it,  was  chiefly  composed  of 
carbonaceous  matter,  and  small  calcareous  stones,  slightly  roundedi 
with  a  very  amall  portion  of  day. 
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buried  under  a  deposition  of  fresh- water  limestone. 
Such  chanj^es,  on  a  very  extensive  scale,  aie  presented 
by  the  Purbeck  and  ^^  ealden  beds. 

The  following  section  of  a  cliff  east  of  Lulwoith 
Cove,  Dor&<'t,  made  by  Dr.  Ikickland,  cxliibits  most 
clearly,  proots  of  the  alternation  from  marine  strata,  to 
dry  land,  covtrrd  willi  a  forest,  and  of  a  subsequent 
subniergence  ot  the  dry  land,  under  a  river  or  lake, 
which  deposited  fresh-water  limestone.  It  will  be 
seen,  that  both  the  marine  and  fresh-water  strata 
were  afterwards  tilted  up  together. 


A.  Portland  marine  limestone. 

B.  Ancient  forest  in  die  dirt  bed. 

C.  Lower  Purbeck  beds  of  fresh-water  lime- 

stone. 

The  facts  which  this  section  discloses,  and  the 
inferences  from  them,  are  equally  intelligible  and 
interesting. 

PurJ^eck  strafa, — These  consist  of  slaty  limestone, 
of  a  brownish  colour,  and  more  or  less  argillaceous, 
altemating  with  slaty  marl,  and  in  some  parts  con- 
tauiing  beds  of  compact  limestone.  The  total  thick- 
jiess  of  the  difierent  beds,  where  they  are  most 
developed,  in  Dorsetshire,  is  stated  by  Dr.  Fitton  to 
be  ^74  feet  In  the  Isle  of  Portland^  the  slaty  iim^ 
stone  covers  the  fresh- water  limestone,  in  which  are 
found  the  silicified  trees  before  mentioned..  The 
whole  of  tlie  Purbeck  beds  are  considered  to  be  of 
fresh-water  formation.  The  principal  shells  are 
bivalves,  called  the  cyclas,  of  which  a  great  part  of 
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tJie  Stone  is  often  composed,  and  univalve  shells, 
nearly  resemblinii^  the  garden  snail,  but  more  elon- 
gateil,  called  paludina*;  the  latter  are  most  abundant 
in  the  upper  beds.  Remains  of  crocodiles  hav  e  also 
been  found  in  the  Purbeck  beds.  A  bed,  called 
Cinder  by  the  quany-men,  about  twelve  feet  in  thick* 
neas,  iiUed  with  oyster  shells,  is  found  in  some  of  the 
quarries,  but  this  is  not  supposed  to  invalidate  the 
general  fresh-water  character  of  the  formation,  as 
oysters  are  known  to  live  in  the  mouths  of  rivers,  as 
well  as  in  the  sea.  Whether  the  Purbeck  beds  near 
the  coast  of  Dorsetshire,  were  once  continuous  with 
insulated  patches  of  the  same  beds  in  the  adjacent 
counties,  and  on  the  opposite  coast  of  France,  cannot 
be  certainly  ascertttned,  but  it  is  higiily  probable, 
that  the  isc^ated  portions  were  once  connected,  as  we 
have  prools  of  repeated  convulsions,  and  disru])tions 
of  the  strata,  in  the  southern  counties  of  England. 
The  Purbeck  beds  may  be  regarded  as  the  lower 
part  ot  the  great  fresh- water  ibrination,  called  the 
Wealden. 

The  Wealden  beds  cover  a  considerable  part  of  the 
wealds  of  Sussex  and  Kent ;  their  aggregate  tliickness 
is  supposed  to  be  about  seven  or  eight  hundred  feet. 
These  beds  consist  of  clay,  common  sandstone,  caU 
ciferous  sandstone^  conglomerate  sandstone,  lime- 
stone, and  ironstone.  The  order  of  succession  is 
variable  in  diHerent  parts  of  the  weald,  as  might  be 
expected  in  so  extensive  a  sedimentary  deposition. 
The  limestone  called  Petworth  mat  l)le,  occurs  in  sub- 
ordinate beds  in  the  clav ;  it  closely  resembles  some 
of  the  Purbeck  beds.  The  Wealden  beds,  in  Sussex 
and  Kent,  are  every  where  surrounded  by  chalk  and 
ffreen  sand,  except  on  the  east,  where  they  are  cut  off 
by  the  sea.  The  chalk  formation  with  the  green  sand 
is  evidently  marine,  and  the  fresh-water  beds  of  the 
Wealden,  dip  under  the  chalk  and  green  sand. 
Here  we  have,  upon  a  very  extensive  scale,  the 
evidence  of  a  sudden  change  from  fresh-water  to 

Y  2 


POSITION  OF  TH£  WT.\I.DE3»  BEDS. 


marine  beds.  The  limestone,  sandstone,  clay,  ami 
conglomerate,  contain  almost  exclusively  the  remains 
of  f're»h-water  animals,  and  terrestrial  plants,  and  that 
over  a  surface  exposed  to  observation  nearly  sixty 
mile^  in  lencrth,  and  from  filteen  to  twentv  miles  in 
breadth.  The  marine  bed^  on  which  the  Wealden 
rest,  must,  at  a  remote  period,  have  been  raised  a 
considerable  height  above  the  ocean,  and  become  dry 
land,  having  extensive  rivers,  lakes,  or  estuaries  filled 
with  fresh  water,  in  which  the  Wealden  beds  were 
deposited.  Again,  at  a  subsequent  period,  the  whoie 
must  have  sunk  deep  beneath  the  surface  of  the  sea, 
and  been  covered  by  a  deposition  of  chalk  and  other 
marine  strata,  a  thousand  feet  or  more  in  thickness. 
At  a  more  recent  epoch,  the  chalk,  vnth  the  sub- 
jacent beds  of  Wealden,  were  raised  to  their  present 
elevation  above  the  neighbouring  sea.  However  the 
present  quiescent  state  of  the  earth  may  seem  op- 
posed to  the  admission  of  such  great  geological 
changes,  we  are  irresistibly  compelled  to  resort  to 
these  changes,  for  a  satisfactory  solution  of  existing 
phenomena. 

The  relative  position  of  the  Wealden  beds  will  be 
understood  from  the  annexed  map. 
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The  chalk  hiUs  of  the  North  and  South  Downs 
will  be  seen  surrounding  the  Weald  country.  Below 
the  chalk  is  the  green  sand,  marked  with  waving 
lines,  containing,  like  the  chalk,  marine  fossils  exclu- 
nvely.  The  fresh-water  formations  of  Weald  daj 
and  Hastuigs  sand  and  sandstone,  rise  from  under  the 
lower  green  sand.  The  Weald  clay  and  Hastings 
sand,  have  generally  be^  represented  as  distinct 
fermations,  but  in  reiility  the  wiiole  of  the  Wealden 
is  composed  of  beds  of  clay,  limestone,  and  sandstone, 
though  in  the  outer  part,  (marked  with  dots,)  the  chiy 
predominates.  Tiic  sand  and  sandstone  predominate 
in  the  central  parts,  marked  by  diagonal  lines,  extend- 
ing east  and  west  from  beyond  Horsham  to  Hastinf^s. 
In  this  direction,  the  sandstone  I'orms  a  range  of  liills 
of  considerable  elevation.  Crowborough  beacon,  the 
lofliest  })art  of  the  range,  attains  the  heigiit  of  more 
than  800  feet. 

It  is  true  that  we  do  not  obtain  a  section  of  the 
Wealden  and  Purbeck  beds  in  Sussex  or  Kent,  but 
in  some  parts  of  Dorsetshire,  near  the  coast,  these 
beds  can  be  observed,  and  they  are  seen  to  cover  the 
upper  or  Portland  oolites.  Some  portion  of  the  same 
beds  have  been  observed  in  the  Isle  of  Wight ;  but 
the  Hoistings  sand  and  Weald  clay,  have  not  been 
found  in  the  midland  counties  of  Endand.  The  fer- 
ruginous character  of  some  of  the  beds,  occasioned 
them  to  be,  for  a  long  time,  mistaken  for  die  iron 
sand  belonging  to  the  green  sand  formation,  hereafter 
to  be  descnbed.  The  name  of  Hastings  or  iron  sand, 
Weald  clay,  and  Petworth  limestone,  have  been  given 
to  different  parts  of  this  accumulation  of  sand,  sand- 
stone, and  argillaceous  limestone,  to  whicli  the  name 
of  the  Wealden  or  Sussex  beds  may  be  collectively 
applied. 

The  clay  chilled  the  Weald  clay,  may  be  regarded 
as  the  principal  member  of  this  formation,  to  which 
the  sandstone,  calciferous  grit,  and  limestone,  are 
subordinate  ;  for  though  the  sand  and  sandstone  form 
lofty  difts  on  the  coast,  they  alternate  with  marl  and 
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clay,  and  rest  on  beds  of  clay.*  We  shall  therefore 
describe  the  Weald  clay  in  conjunction  with  the 
beds  of  limestone  and  sandstone.  The  clay  is  a 
bluish  or  brownish  tenacious  clay,  sometimes  indu- 
rated and  slaty.  Thin  beds  of  limestone,  separated 
by  seams  of  clay,  occur  in  different  parts  of  tiie 
Weald  clay :  they  have  been  known  as  furnishing  a 
stone  for  architectural  purposes,  called  Sussex  marble, 
and  Petworth  marble.  Some  of  the  more  compact 
varieties  are  sufficiently  hard  to  receive  a  good  polish. 
These  beds  abound  with  shells  of  the  paludina»  and 
crusts  of  the  Cypris  iabat,  and  other  fresh-water 
shells. 

Masses  of  calciferous  sandstone,  nearly  resembling 

the  well-known  sandstone  of  Fontainbleau,  occur  in 
various  parts  of  the  Weaklcn,  both  in  wliat  may  be 
called  the  Weald  clay,  and  the  lower  beds  of  sand 
and  sandstone,  called  Hastings  sand.  The  Hastings 
sandstone  is  composed  of  yellowish  or  whitish  grains 
of  sand,  very  loosely  adiiering,  alternating  with  beds 
of  clay,  ana  with  a  small  sandstone  conglomerate, 
contiiining  rounded  fragments  of  bones,  and  scales  of 
fishes.  Over  this  bed  there  occurs,  in  some  parts  of 
the  Weald  (particularly  at  Tilgate  ioxest),  a  bed  of 
coarse  conglomerate,  consisting  of  quartz  pebbles* 
and  rounded  pieces  of  Lydian  stone  and  jasper^  and 
containing  bones  and  teeth  of  fishes  and  saurian 
animals*  The  upper  sands  are  generally  fawn- 
coloured,  and  contain  lignites  bituminous  matter,  and 
vegetable  impressions. 

*  Below  the  Castle  rock  at  Hasting:s,  bdrings  wore  made  in 
1829;  tlu'V  were  chie'fly  in  clay.  The  clay  from  the  tlepth  of 
120  Icet,  which  1  exumiiied,  was  a  whitish-grey  pipe-clay.  The 
boringB  were  made  to  obtain  water  for  the  Pelham  Baths.  Water 
was  found  at  the  depth  of  260  feet,  of  a  good  quality,  and  rose 
neariy  to  the  surface. 

t  The  Cypris  &ba  is  a  crustaceous  animal  in  a  roundish  shell  or 

case,  not  much  larger  than  a  grain  of  millet.  The  living  Bpecies 
arc  aquatic  monociili,  which  swim  in  fresh  water,  and  deposit 
their  eggs  on  the  leaves  of  aquatic  i)laiit«,  or  in  the  mud.  The 
paludina  is  a  frei>h-water  uuivalvc  sheU. 
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Ironstone  occure  in  considerable  quantities  in  the 
Sussex  beds.  In  the  sixteenth  century,  before  the 
coking  of  coal  for  smelting  of  iron  ore  was  dis- 
covered, two  thirds  of  tlie  iron  manufactured  in  Eng- 
land, was  obtained  from  tlie  Sussex  beds.*  The 
Weulds  of  Kent  and  Sussex,  being  tiien  covered 
with  forest  trees,  supplied  the  fuel  for  smelting 
the  ore. 

To  the  indefatigable  and  scientific  researches  of 
Dr.  ManteU»  F.R.S.,  we  are  indebted  for  a  knowledge 
of  the  true  zoological  characters  of  the'Wealden  bedSt 
which  he  has  described  in  his  Illustrations  of  the 
Geology  of  Sussex,  with  Fimires  of  the  Fossils  of 
Tilgate  Forest'*  Dn  Mantel!  has  since  published  an 
octavo  volume,  entitled  The  Geology  of  the  South- 
east of  England/'  It  contains  his  former  and  recent 
discoveries,  and  a  more  extended  survey  of  the  geology 
of  Sussex  and  Kent. 

TJic  fossil  remains  of  the  Wcalden  beds,  consist  of 
petrified  trunks  of  large  plants,  bearing  a  resemblance 
to  the  pahns,  arborescent  ferns,  and  the  gigantic  reeds 
of  tropical  climates ;  also  of  the  shells  of  fresh-water 
genera,  as  the  fresh-water  muscle,  the  mya,  cyrena, 
paludina,  and  Helix  vivipara.  vSome  remains  of  fish, 
and  tiiree  distinct  species  of  turtles,  have  also  been 
discovered  J  and  the  bones,  teeth,  and  scales  of  at 
least  five  gigantic  species  of  the  lizard  family ; 
namely,  the  crocodile,  the  plesiosauru4»  the  megalo- 
saurus,  the  iguanodon,  and  the  hykeosaurus  or  forest 
lizard. 

The  crocodilian  remains  are  pronounced  by  Cuvier 
to  be  almost  identical  with  those  of  the  fossU  croco- 
dile discovered  at  Caen  in  Normandy,  which  belongs 
to  Hie  genus  gavial,  the  crocodile  of  the  Ganges. 

The  Heshsatmts. — ^This  animal  has  been  noticed. 
Chaps.  II.  and  X. 

•  For  a  knowledge  of  this  fact,  I  am  indebted  to  a  gentlemen 
who  bas  in  his  possession  an  ancient  work  on  the  iron  trade  of 
England,  previous  to  the  use  of  eoke. 
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The  MeQ;nlosmirus.  —  Tlie  bones  of  this  animal, 
found  at  Tiigate,  are  simDar  to  those  discovered  by 
Dr.  Buckland  in  the  Stonesfield  strata.  The  mcgalo- 
saurus  is  supposed  to  approach  nearer  to  the  form  of 
the  monitor  •  than  to  any  other  species  of  living 
lizard,  but  its  size  is  so  enormous,  that  Cuvier  says, 
if  we  suppose  it  to  have  possessed  the  proportions  of 
the  monitory  it  must  have  exceeded  seventy  feet  in 
length. 

The  Iguanodon.'^  A,  nondescript  herbivorous  rep- 
tile, wliich  Cuvier  pronounces  to  be  the  most  ex- 
traordinary animal  yet  discovered.  Its  structure 
s^proaches  the  nearest  to  that  of  the  I^uana»  a  large 
q>ecies  of  lizard  in  the  West  Indies :  its  lensth  was 
between  sixty  and  seventy  feet,  which  is  double  that 
of  the  largest  living  crocodile.  But  the  ^reat  pecu* 
lianty  of  the  iguanodon  is  the  form  of  its  teeth, 
which  bear  a  striking  resemblance  to  the  grinders 
of  herbivorous  mammaHa,  being  evidently  intended 
for  mastication,  in  which  res])ect  it  differs  from  all 
living  animals  of  tlie  lizard  family.  The  herbivorous 
ampliibiju  gnaw  off  the  vegetable  productions  on  which 
they  feed,  but  do  not  chew  t!iem.  —  **  Since  tlie 
vegetable  remains,"  says  Dr.  Mantel),  "  witli  which 
the  teeth  of  the  iguanodon  are  associated,  consist 
principally  of  those  tribes  of  plants  that  are  furnished 
with  rough  thick  stems,  and  which  were  probably  tlie 
principal  food  of  the  original  animal,  we  may  be  per- 
mitted to  remark,  that  this  peculiar  structure  of  the. 
teeth  seems  to  have  been  required,  to  enable  the 
animal  to  accommodate  itself  to  the  condition  in 
which  it  was  placed." — The  iguanodon  appears  also 
to  have  possessed  a  horn,  eqwd  in  size  and  not  very 
different  in  form  from  the  horn  of  the  rhinoceros :  in 
this  respect,  it  resembles  a  living  species  of  iguana,  a 
native  of  St.  Domfaigo* 

•  The  monitor  —  a  species  of  lizard,  which  is  said  to  give  waru- 
ing  of  the  approa^  of  the  crocodile,  by  a  hissing  noise. 
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a.  b,  c.  represent  the  teeth  of  the  iguanodon  of  tlie 
natural  size ;  a  is  tlie  front  view  of  the  perfect  tooth 
of  a  young  animal ;  b  is  the  front  view  of  a  full 
grown  tooth,  with  the  points  worn  down  ;  c,  the  hack 
view  of  tl>e  tooth  ;  d  represents  a  highly  magnified 
tooth  of  the  living  iguana.  The  reader  may  be  sur- 
prised at  tlie  smallness  of  the  teetii  of  the  iguanodon  ; 
but  the  same  proportion  takes  place  in  the  teetli  of 
all  reptiles.  A  living  iguana,  five  feet  in  length,  has 
teeth  not  larger  than  those  of  a  mouse,  e  is  a  re- 
duced drawing  of  the  horn. 

One  of  the  thigh  bones  of  the  iguanodon,  in  Dr 
MantelPs  museum,  is  twenty-three  niches  in  circum- 
ference. The  condyle,  or  joint  of  another  bone 
which  I  measured,  was  thirty-four  inches  in  circum- 
ference :  enormous  claws  and  toe  bones  have  also 
been  discovered.  Dr.  Mantell,  in  his  interesting 
work,  the  '*  Fossils  of  Tilgate  Forest,"  justly  observes, 
**  Were  this  thigh  bone  clothed  with  muscles  and  in- 
teguments of  suitable  proportions,  where  is  the  living 
animal,  that  could  rival  this  extremity  of  a  lizard  of 
the  primitive  ages  of  the  world  ?*' 

Dr.  Mantell  concludes  his  "  Illustrations  of  the 
Geology  of  Sussex  "  with  the  following  interesting 
observations  : — 
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"  We  cannot  leave  this  subject  without  offerinf]f  a 
few  general  remarks  on  the  probable  condition  of  the 
country,  through  wiiicli  the  waters  flowed  that  de- 
posited the  strata  of  Tilgate  Forest,  and  on  the 
nature  of  its  animal  and  vegetable  productions. 
Whether  it  were  an  island  or  a  continent,  may  not  be 
determined ;  but  that  it  was  div  ersified  by  hill  and 
valley,  and  enjoyed  a  climate  of  a  higher  temperature 
than  any  part  of  modern  Europe,  is  more  than  pro- 
bable.  Several  kinds  of  ferns  appear  to  have  con- 
stituted the  immediate  vegetable  clothing  of  the  soil : 
the  elegant  Humenopteris  psilotoides,  which  probably 
never  attained  a  greater  height  than  three  or  four 
feet,  and  the  beautiful  Pecapteris  reticulata^  of  still 
lesser  growth,  beins  abundant  every  where.  It  is 
easy  to  conceive  what  would  be  the  appearance  of 
the  valleys  and  plains  covered  with  these  plants, 
from  that  presented  by  modem  tracts,  where  the 
common  ferns  so  generally  prevail.  But  the  loftier 
vegetables  were  so  entirely  distinct  from  any  that  are  - 
now^known  to  exist  in  European  countries,  that  we 
seek  in  vain  for  any  tiling  at  all  analogous  without 
the  tropics.  The  forests  of  CJatJiraricp  and  Enrlo- 
genitcp,  (the  plants  of  which,  like  some  of  the  recent 
iirborescent  ferns,  probably  attained  a  height  of  thirty 
or  forty  feet,)  must  Iiave  borne  a  much  greater  re- 
semblance to  those  of  tropical  regions,  than  to  any 
that  now  occur  in  temperate  climates.  That  the  soil 
was  of  a  sandy  nature  on  the  hills  and  less  elevated 
parts  of  the  country,  and  argillaceous  in  the  plains 
and  marshes,  may  be  inferred  from  the  vegetable 
remains,  and  from  the  nature  of  the  substances  in 
which  they  are  enclosed.  Sand  and  day  every  where 
prevail  in  the  Hastings  strata ;  nor  is  it  unworthy  of 
remark,  that  the  recent  vegetables  to  which  the  fossil 
plants  bear  the  greatest  analogy,  affect  soils  of  this 
description.  If  we  attempt  to  portray  the  animals 
of  this  ancient  country,  our  description  will  possess 
more  of  the  character  of  a  romance,  than  of  a  legiti- 
mate deduction  liom  estabiishctl  iact^.    Turtles,  of 
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various  kinds,  must  liave  been  seen  on  the  banks  of 
its  rivers  or  lakes,  and  groups  of  enormous  crocodiles 
basking  in  the  fens  and  sliallows/* 

**  The  gigantic  Megalosaurus,  and  yet  more  gigan- 
tic IfCffffnodoriy  to  whom  the  groves  of  palms  and 
aborescent  ferns  would  be  mere  beds  of  reeds,  must 
have  been  of  such  prodigious  magnitude,  that  the 
exisdng  animal  creation,  presents  us  with  no  fit  ob- 
jects of  comparison.  Imagine  an  animal  of  the  lizard 
tribe,  three  or  four  times  as  large  as  the  largest  cro- 
codile, having  jaws,  with  teeth  equal  in  size  to  the 
incisors  of  the  rhinoceros,  and  crested  with  horns; 
— such  a  creature  must  have  been  the  iguanodon  I 
Nor  were  the  inhabitants  of  the  waters  much  less 
wonderfiil ;  witness  the  plesiosaurus,  which  only  re- 
quired wings  to  be  a  flying  dragon  ^  the  nshes 
resemUing  aUurij  BaHsta,  &c." 

Another  large  fossil  reptile,  scarcely  less  remarkable 
than  the  iguanodon,  was  discovered  by  Dr.  Mantell,  in 
the  strata  of  Tilgate  Forest,  in  IHS^.  This  animal  was 
less  than  the  iguanodon.  Dr.  Mantell,  from  his  pro- 
found knowledge  of  comparative  anatomy,  has  been 
able  to  ascertain,  that  it  differs  in  structure  iVom  every 
known  species  of  living  or  fossil  liziird  or  crocodile, 
though  It  agrees  with  some  of  them  in  many  impor- 
tant parts  of  its  osteology.  It  appears  to  liave  liad 
a  row  of  scaly  fringes  on  its  back,  some  of  which 
.  are  seventeen  inches  in  length  :  when  erected,  the 
animal  must  have  had  a  truly  terrific  appearance. 
To  this  animal  Dr.  Mantell  has  ^iven  the  name  of 
Hyksoiourusy  or  forest  tizard :  it  is  described  and 
illustrated  by  a  laige  and  excellent  plate,  in  his  valu- 
able work  on  The  Oeolc^  of  the  South-east  of 
England.**  Dr.  Mantell  has  recently  added  to  his 
collection  of  fossil  reptiles,  a  more  pierfect  s])ecimen 
of  the  remains  of  the  iguanodon,  from  quarries 
near  Maidstone.  It  is  imbedded  in  one  slab  of 
stone,  in  which  the  various  parts  of  the  osteology 
of  the  animal  may  be  seen  in  juxtaposition,  confirm-' 
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ing  the  sagacious  inferences  from  detached  spcchnens, 
previously  stated  by  Dr.  Mantell.  Some  of  the  teeth 
are  seen  m  the  same  stone  ;  unfortunately  no  perfect 
head  or  jaw  of  the  animal  has  hitherto  been  dis- 
covered. 

According  to  the  tiibular  arrangement  of  the  fossils 
in  the  different  beds  in  Sussex,  given  by  Dr.  Mantell, 
tlie  chalk,  chalk-marl,  green-sand,  gait,  and  lower 
green  sand,  above  the  Wealden  beds,  contain  remains 
of  two  hundred  and  ninety-four  species  of  marine 
animalsy  and  thirteen  species  of  plants,  chiefly 
marine. 

The  Wealden  beds  contain  renudns  of  fifty-two 
species,  which,  with  few  exceptions,  are  either  of  ter- 
restrial or  fresh-water  animals,  and  nine  species  of 
terrestrial  plants. 

Of  the  numerous  species  of  chambered  marine 
shells,  such  as  nautilite»,  ammonites,  and  beiemnites, 
that  abound  in  the  secondary  strata,  below  the 
Wealden,  and  in  the  chalk  formation  above  it,  not 
an  intlividual  shell  has  been  hitherto  found  in  any 
part  of  tlie  Weald  formation  ;  a  fact  decisive  of  the 
ditl'erent  character  oi"  the  latter  beds.  Witli  respect 
to  the  bones  of  the  plesiosaurus  and  the  megalosau- 
rus,  found  in  the  Wealden  beds,  and  also  in  the  stratii 
below  the  Wealden,  we  know  not  whether  the  nature 
of  these  animals  niii^ht  not  fit  them  for  livinij  both 
in  salt  and  iresh  water ;  it  is  also  probable,  that  the 
few  scattered  vertebrae  found  in  the  Wealden,  may 
have  been  transported  by  currents  or  inundations 
from  more  ancient  rocks.  In  the  same  manner,  the 
occurrence  of  a  few  individual  marine  shells,  in  a 
series  of  fresh-water  beds,  may  be  satis&ctorily 
explained. 

It  may  be  proper  to  call  the  attention  of  the  reader 
to  what  has  been  before  stated,  respecting  the  sub- 
mersion of  tlie  coal  strata,  and  their  being  covered 
with  marine  formations,  and  again  elevated;  see 
Chapter  VIII.  The  circumstances  tliat  attended  the 
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elevation  and  depression  of  tlic  c  oal  strata,  appear 
to  have  been  similar  to  what  took  place  at  a  subse- 
quent perioti  in  the  Sussex  betls  or  Wealden  :  other 
instances  of  similar  submergence  might  be  given, 
wfcre  it  necessary. 

A  small  work  entitled  **  A  Geolotrical  Sketch  of  the 
Vicinity  of  Flastings,"  was  publisiied  in  1833  by  Wil- 
liam Henry  l^itton,  M.D.  F.Il.S.  &c.  It  gives  a  brief, 
but  very  clear  description  of  tlie  Wealden  formation, 
the  extent  of*  which  Dr.  Fitton  has  taken  great 
pains  to  diflcover.  According  to  this  statement,  the 
Wealden  gradually  becomes  thinner  near  its  limits 
in  Dorsetshire,  and  the  interior  of  England.  It  dis- 
appears westward,  somewhere  about  Durdle  Cove^ 
on  the  Dorsetshire  coast.  The  existence  of  the  Pur- 
beck  beds  in  the  Vale  of  Wardour  has  long  been 
known ;  in  that  place  Dr.  F.  has  detected  also  some 
traces  of  sands,  corresponding  to  those  of  Hastinss* 
**  Slaty  limestone,  like  that  which  occurs  in  me 
upper  part  of  the  Isle  of  Portland,  is  found  above 
the  equivalent  of  the  Portland  stone  at  Brill  and 
Wliitchurch,  west  of  Aylesbury  in  Buckinghamshire, 
and  on  the  coast  of  the  Boulonnois,  in  France. 
But  besides  these  places,  Beauvais,  in  the  interior  of 
France,  is  the  only  other  locality,  in  which  any  mem- 
bers of  the  We:ddeu  iiave  yet  been  shown,  on  good 
evidence,  to  exist.'* 

The  position  of  the  extreme  points  of  this  form- 
ation Irom  west  to  east,  or  from  Lulwortli  Cove  to 
the  boundary  of  the  lower  Boulonnois,  is  about  ^00 
English  miles  N.W.  to  S.E.,  or  from  Whitchurch  to 
Beauvais  about  2^0  miles.  The  depth  or  thickness 
of  the  Wealden  beds  in  some  parts  exceeds  1,000 
feet.*    Dr.  Fitton  remarks,  that  this  is  a  wide  dif- 

•  Dr.  Fitton  ha^i  since  published,  in  the  Transactions  of  the 
Geological  Society  of  London,  '*  Observaliom  on  some  of  the 
Strata  between  ike  Chalk  and  (kObrd  ChlUe,  in  the  SmOk-^aH  if 
BngkmeU*  This  valuable  work,  tbe  result  of  a  long-conturaed  i»- 
vesttgatiou  of  the  strata  from  Dorsetshire  to  Norfolk,  eoRtaios 
the  clean'st  and  best  description  of  part  of  the  secondary  geology 
of  EDglanU  Uiat  Uab  beeu  published,  and  U  so  ample  as  to  leave 
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fusion  of  the  strata,  if  they  were  the  product  of  an 
estuary,  but  by  no  nKaiis  grcatt  r  than  that  of  many 
of  tlic  actual  deposits,  in  some  of  the  larger  rivers  on 
the  present  surface  of  tlie  globe.  Dr.  Fitton  cites 
the  Deltas  of  the  Ganges,  the  Mississippi,  and  the 
-Quorra  or  Niger  in  Africa,  as  presenting  an  extent 
of  surface,  nearly  ecpial  to  that  of  the  \\'ealden  for- 
mation. I  think  it  evident  however,  that  certain 
parts  of  the  Wealden  were  at  times  dry  land,  or 
shallow  water.  The  Cypris  faba  in  tiie  clay  beds 
probably  lived  and  died  where  its  crustaceous  remains 
are  so  abundant.  Indeed»  we  do  not  remove  the 
necessity  of  admitting  a  submergence,  by  supposing 
Ihe  Wealden  to  have  been  d^osited  in  a  deep 
estuary ;  for  to  form  a  large  river,  and  such  an  estuary, 
filled  with  fresh  water,  extensive  tracts  of  dry  land, 
with  mountain  ranges  of.  great  elevation,  would  be 
required,  and  these  must  have  been  submeiged  or 
removed,  before  the  deposition  of  the  chalk  form- 
ation, which  it  cannot  be  doubted  took  place  in  a  deep 
ocean,  as  that  formation  is  more  than  one  thousand 
feet  in  thickness.  • 

If  we  inquire  IVhere  ivas  tJie  great  island  or  cotu 
tinentj  whose  drainage  formed  a  hke  or  csfu/iry  as 
extetisive  as  the  Wealden  f  the  present  surface  of  the 
globe  affords  no  answer  to  this  inquiry.  The  south 
and  east  sides  of  tlie  Wealden  arc  nearly  bounded  bvthe 
sea  ;  tlie  northern  side  is  covered  by  the  chalk  fc)rm- 
ation,  whicli  extends  into  Hertfordshire  and  the  ad- 
jacent counties,  and  rests  uj)on  the  oolite  formation. 
On  the  west  and  south-west,  in  Hampshire  and  Dor- 
setshire, the  Wealden  betls  emerge  from  under  the 
chalk  that  bounds  them  in  Sussex,  but  they  become 
.thinner,  and,  with  the  Purbeck  beds  beneath  them, 
cover  part  of  the  upper  oolite,  and  terminate  near  to 

lUtle  more  to  be  desired.  It  is  illustrated  by  maps,  plates,  and  sec- 
Uons :  the  latter  are  executed  with  great  care.  The  coast  sections 
not  only  present  diitincUy  the  geology  of  the  country,  but  give  abo 
the  ouUines  of  the  physical  features  and  distant  Boenery,  in  correct 
per^ctive. 
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Weymouth.  As  the  oolite  beds  on  which  the 
Wealden  and  Piirbeck  beds  rest  are  marine  formations, 
it  is  evident  they  must  have  been  raiscil  above  tlie 
level  of  the  sea,  when  the  Wealden  beds  (wliich  tliey 
environ)  were  covered  with  iresh  water.  It  is  how- 
ever a  l  omarkable  fact,  that  not  a  vestige  of  the  oolite 
beds,  or  the  tbssils  they  contain,  is  found  in  any 
part  of  the  Wealden.  This  negative  evidence  is  of 
importance,  as  it  proves  thgit  the  vast  depositions  of 
sand  and  clay,  which  compose  the  Wealden,  were 
not  derived  from  the  detritus  of  the  ooiite,  and  hence 
we  may  infer,  that  no  great  river  cut  through  the 
oc^ite  formation,  and  flowed  into  the  Wealden  Take  or 
estuary.  The  dry  land  from  which  the  Wealden  de- 
positions were  derived,  must  have  been  more  remote. 
Perhaps,  in  the  conglomerate  beds  of  Tilgate  Forest, 
if  critically  examined,  may  be  discovered  indica- 
tions of  the  character  of  the  ancient  country,  from 
whence  the  grit,  sand,  and  fragments  have  been 
transported. 

Hitherto  the  extraordinary  organic  remains  in  the 
Wealden  have  almost  exclusively  engaged  the  atten- 
tion of  geologists.  Dr.  Mantell,  however,  informs 
us,  tiiat  pebbles  of  quartz,  jasper,  and  Lydian  stone 
occur  in  tiie  Tilgate  conglomerate.  Tliese  minerals 
are  precisely  such  as  are  found  in  the  sandstone  round 
Nottingham,  but  a  closer  examination  has  discovered 
in  the  latter  rock,  some  pebbles  of  gneiss,  granite,  and 
porphyry,  derived  no  doubt  firom  the  debris  of  the 
central  granitic  range  of  Chamwood  forest,  and  the 
adjacent  counties.  Should  similar  fragments  of 
primary  rocks  be  found  in  the  Wealden  ^it  and 
conglomerate,  we  might,  with  some  probability,  refer 
their  origin  to  a  western  primary  country,  once  con- 
tiguous with  the  granite  of  Cornwall  and  the  west  of  . 
France,  but  now  submerged  beneath  the  Atlantic 
ocean.  

Foreigners  or  oflior:<  who  intond  to  purvey  the  most  intorosting 
parts  of  tlic  geology  of  Dorset,  Hants,  and  Sussex,  should  jirc- 
viously  consult  Mr.  Webster's  Account  of  the  Ifiic  of  Wigiit,  in 
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vol.  2.  of  the  TnDsactions  of  the  Geological  Society  of  London, 
and  his  Letters  to  Sir  H.  Englefield  ;  the  Works  of  Drs.  Miintell 
and  Fitton,  before  referred  to ;  and  an  article  by  the  latter,  in  the 
Annals  of  Philosophy,  November  1824,  in  which  the  fresh-water 
ciiaracter  of  the  Purbeck  and  Wealden  beds  was  first  pointed  out 
Dr.  Buckland  and  Mr.  De  la  Beche  have  published  an  instnictiTe 
Memoir  of  tin  (leologyof  the  Weymouth  district,  with  a  ma})  and 
sections,  in  the  Transactions  of  the  Geological  Society  of  London, 
second  series,  vol.  4.  This  ought  to  be  printed  in  a  compendious 
form,  as  a  complete  guide  to  the  geology  of  the  Isle  of  Portland 
and  the  adjacent  country.  It  is  to  be  regretted,  that  a  more 
definite  acconnt  of  the  nmnerdus  fiiulta  mentioned  in  the  Memoir 
could  not  be  obtained,  8i  a  surface  survey  w  ill  not  enable  the  most 
experienced  geologist,  to  ascertain  the  thickness  and  contents  of 
§ucli  faults,  and  the  amount  of  the  depression  or  elevation  of  the 
strata  which  they  traverse.  The  most  unec^uivocal  j)roofs  are  given 
in  the  Memoir,  of  the  repeated  elevation  and  submergence  of  the 
country  round  Weymouth.  Such  elevations  and  depressions  must 
have  fractured  tiie  surface  in  various  places,  and  it  would  be  most 
interesting  to  examine,  by  actual  inspection,  the  lines  along  which 
tlie  disturbing  forces  have  acted,  and  the  effects  they  have  pro- 
duced on  the  adjoining  strata.  I  have  stated, />a^e  220,  that  the 
funds  of  scientific  societies  could  not  be  more  usefully  employed, 
than  by  allowing  experienced  observers  to  call  in  the  aid  of  work- 
ing miners,  to  sink  pits  or  cut  shafts  through  supposed  faults. 
Much  valuable  information  would  thereby  be  obtained,  and  we 
should  substitute  certain  knowledge  for  uncertain  inferences.  By 
an  inadvertence  of  the  artist,  some  of  the  faults  in  the  sections 
given  with  the  Memoir  of  the  Geology  of  the  Weymouth  district, 
are  represented  in  a  position  in  which  faults  do  not  occur.  The 
rue  of  the  strata,  where  the  &ult  is  inclined,  is  placed  on  tlie  u])pery 
instead  of  the  under  side  of  the  fault;  an  error  which  may  induce 
foreign  geologists  to  suppose  that  the  faults  are  hypotheticaL 
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CHAP.  XV. 

ON  CHALK,  AND  THE  SUBJACENT  BEDS  OF  GREEN 

SAND. 

Extent  of  the  Chalk  Formation.  —  Green-Sand  divided  into  lower 
and  upper  Green-Sand  hy  a  Bed  of  Clay  railed  Gault  —  Chalk 
Marl. — Chalk,  its  Mineral  Characters. — Change  of  Character  in 
the  Alps.  —  Flints  in  the  upper  Chalk. — On  the  Formation  of 
Flints. — Remarkable  Organic  Remaina  in  Chalk.  —  Recent  Di»- 
rovcry  of  Beds  belonging  to  the  Chalk  Formation,  in  the  United 
States  of  America. —  On  the  Seaglia  of  the  Alps  supposed  to 
r(  present  Chalk.  —  Oa  the  destruction  and  denudation  of  Chalk 
Kocks. 

The  well-known  mineral,  chalk,  with  its  subjacent 
beds  of  green-sand,  comprises  a  formation  or  series  of 
strata  of  i^reat  depth,  whicli  are  spread  over  the  south- 
eastern and  eastern  counties  of  Enghmd,  and  are  foimd 
covering  a  large  extent  of  surface  in  the  northern 
parts  of  France,  preserving  nearly  the  same  characters 
as  the  English  chalk.  Similar  beds  are  found  in  Ger- 
many  and  in  the  north  of  Europe.  On  approacliing 
the  mountain  ranges  of  the  northern  chain  of  Alps, 
the  mineral  characters  of  chalk  undergo  a  considerable 
change.  Scarcely  a  trace  of  chalk  is  found  in  any 
part  of  Scotland  ^  but  it  occurs  in  the  north  coast  of 
Ireland. 

The  animal  remains  in  chalk  and  its  subjacent 
green-sandy  are  exclusively  marine,  proving  tliat  this 
great  calcareous  and  arenaceous  deposition,  a  thou- 
sand feet  or  more  in  thickness,  was  formed  under  the 
ocean. 

Chalk  is  r^;arded  as  the  last,  or  uppermost,  of  the 
secondary  strata;  and  there  is  a  marked  difference 
between  the  organic  remains  in  chalk,  and  those  in  . 

the  tertiary  strata  that  in  many  situations  cover  it 
The  geological  position  of  chalk  is  over  the  oolite 
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formation ;  but  we  have  seen»  in  the  last  chapter,  that 
in  the  counties  of  Sussex  and  Kent,  chalk  and  green- 
sand  rest  immediatelv  upon  the  freshwater  beds  of  the 
Wealden;  and  in  the  western  counties  of  £ngland» 
where  the  oolite  is  wanting,  chdk  covers  lias  and  red 
marl.  The  thick  beds  of  green-sand  under  chalk,  are 
rc<?iirdecl  as  constituting,  with  the  chalk,  one  marine 
Ibrinution  :  they  contain  many  of  the  same  genera  of 
fossil  remains,  both  in  England  and  on  the  continent 
of  Europe,  and  the  lower  beds  of  clialk  or  chalk  marl, 
pass  gradually  into  the  green-sand,  by  a  close  inter- 
mixture with  it,  and  have,  on  account  of  theu*  greenish 
or  yellowish  colour,  been  denominated  Glauconie 
crayeuse  and  Craie  chloritee,  by  the  French. 

Chalk  and  green-sand  have  been  divided  as  under, 
in  an  ascending  series : — 

Lower  green -s;md»  the  upper  part  ferruginous. 

Gault,  or  Folkstone  nuurl* 

Upper  green*sand« 

Cualk-marl. 

Lower  chalk. 

Upper  chalk  with  flints. 
It  has  been  before  noticed,  that  a  repetition  of  the 
same  mineral  characters,  may  frequently  be  observed 
in  the  kiwer  and  higher  parts  of  an  extensive  series  of 
strata.  In  the  sand  below  the  Portland  oolite,  theie 
is  such  a  considerable  intermixture  of  green  partidea» 
that  it  doselv  resembles  the  green-sands  of  the  chalk 
fbrmatioQ.  Yhe  green-sand  below  chalk,  is  <fistinctly 
divided  into  upj>er  and  lower,  separatetl  by  a  thick 
bed  of  clav.  Airiin,  in  the  sand  anil  xiiui  .  rcre- 
lions  over  the  chalk,  tl.o  green  j  .inicic>  ><>nie- 

times  alxnmd.  1  hc><'  rcpeiilions  of  similar  mineral 
characiers.  lU  peud  on  some  preuiiling  gs^ncral  condi- 
tions at  tiiilVrent  perivxU  oi  dt  p(^>iuoi\  with  which  we 
are  nnactpiauued.  The  green  ivirticle>  in  the  green- 
sand  below  clialk  have  been  ana!y><il  by  M.  Bciihier. 
In  every  hundnrd  parts,  they  c<^niain  lit^y  ot'  sihca 
nr  .i  twei.ty-one  of  iron :  the  i^nuinder  5»nHit'^  of 
aiuaiine,  poush,  and  water. 
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Green-sand  has  received  its  English  name  from  its 
mtermixture  with  particles  of  green  earth ;  it  ia  very 
variable  in  its  mineral  characters^  being  sometimes 
found  composed  of  loose  sOiceous  sand ;  in  other 
situations  it  forms  sandstone^  cemented  by  calcareous 
earth ;  it  abounds  in  siliceous  concretions^  which  vary 
from  an  opaque  bluish  ^ite  chert  or  homstone»  to 
flint  and  chalcedony.  The  geodes  found  in  the  green- 
sand  near  Sidmouthy  are  composed  of  opaque  chert  on 
the  outside,  and  contain  within,  mammilkted  concre- 
tions of  chalcedony,  and  occasionally  perfect  minute 
roclc  crystals.  Soine  of  the  sandy  concretions  near 
Sidmouth  have  a  beautiful  green  colour,  which  I 
found  to  proceed  from  green  sulphate  of  iron.* 

The  total  thickness  of  tJie  green-sand  where  it  is 
fiilly  developed,  is  more  than  400  feet.  The  lower 
siind  is  generally  ferruginous,  and  has  been  called  iron 
sand,  from  the  large  quantity  of  oxide  of  iron  dis- 
seminated through  It ;  but  the  lowest  beds  often  con- 
tain green  particles,  like  those  in  the  upper  green- 
sand.  The  upper  and  lower  green-sand  are  in  many 
situations  separated  by  a  "  bed  ot  atiiY  marl,  varying 
from  a  light  grey  to  a  dark  blue."  According  to  Dr. 
Mantel),  its  greatest  thickness  in  the  south  of  Sussex 
is  about  250  feet.  This  bed  has  been  called  tlic 
Folkstone  Marl,  but  is  more  generally  known  by  the 
name  of  Gault,  given  to  it  in  Cambndgesiiire.  The 
marine  shells,  in  which  it  abounds,  are  generally  dis- 
tinguished by  their  brilliant  pe^  ly  lustre ;  they  consist 
of  ammonites,  nautilites,  a  small  species  of  belemnite, 
and  various  other  shells.  In  some  parts  of  England 
the  gault  does  not  exceed  twenty  feet  in  thickness, 
but  according  to  Dr.Fitton,  the  constancy  with  which 
this  bed  occurs  in  the  green-sand,  both  in  England 
and  on  the  continent  of  Europe,  is  truly  deserving  . 
attention. 

•  On  the  cast  of  Sidmouth,  itnmediately  above  the  town,  I  ob- 
served grceu-saiid,  intermixed  with  black  particles  which  1  ascer- 
tained to  be  the  black  oxide  of  manganese,  as  tluy  gave  a  violet 
colour  to  elass  when  fused. 
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The  upper  green-sand,  is  remarkable  for  tlie  chal- 
cedonic  appearance  of  the  flint  or  cliert  which  it 
contains.  This  sand  has  been  sometimes  called  fire 
stone,  to  distinguisii  it  from  the  lower  green-sand. 
In  some  parts  of  the  JSavoy  Alps,  tlie  beds  analogous 
to  green  sand  are  of  enormous  thickness,  and  are 
nearly  black,  but  contain  many  of  the  same  fossils  as 
the  English  green  sand.  From  these  beds  I  obtained 
hamiteSy  scaphites,  and  various  species  of  small  echi- 
nites.  See  plate  8,  The  upper  green-sand,  as  before 
observed,  becomes  intermixed  with  an  argillaceous 
and  calcareous  bed  called  chalk  marl,  which  may  be 
regarded  as  the  lowest  bed  of  the  under  chalk«  it  is 
of  a  darker  colour,  than  common  chalk,  but  bums 
into  useful  grey  lime. 

Chalk. — This  rock  is  better  known  by  its  mineral 
characters  in  England  and  the  northern  parts  of 
Europe,  than  any  other  of  the  secondary  strata.  Its 
prevailing  colour  is  nearly  white ;  it  has  an  earthy 
texture,  and  is  generally  so  soil  as  to  yield  to  the 
nail.  These  are,  however,  not  the  universal  charac- 
ters of  chalk.  1  he  lower  beds  in  Yorkshire  are  red, 
and  the  scaglia  of  the  northern  Al})s,  which  is  a  mode 
of  chalk,  has  also  a  red  colour ;  and  in  some  parts  of 
the  Alps  this  rock  is  highly  indurated,  and  resembles 
more,  wliite  statuary  marble  than  English  chalk.  The 
greatest  thickne  ss  of  the  chalk  strata  in  Engkuid  may 
be  estimated  at  from  ()0()  to  800  feet.  The  upper 
beds  coniain  numerous  nodules  and  shoit  irregular 
veins  of  flint;  the  lower  chalk  contains  fewer  flints, 
and  is  generally  harder  than  tlie  upper  chalk,  and  is 
sometimes  used  for  building  stone.  In  France,  the 
beds  of  chalk  seldom  attain  the  thickness  which  they 
have  in  England.  The  Erench  divide  the  chalK 
formation  into  the  lowest  or  chalk  marl,  with  green 
particles,  crate  diloritee^  or  glauconie  crayeuMe ;  the 
middle  or  coarse  chalk  is  of  a  greyish  colour,  and 
intermixed  with  sand ;  it  contains  wlutish  chert  (craie 
grossiVre,  or  craie  ttifeau) ;  the  ui)])er  or  white  chalk 
Xcraie  bhnche),yfh\ch  contains  nodules  of  common  flint«. 
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M.  Iliiniboldt,  after  noticing  the  great  intermixture 
of  the  sandy,  calcareous,  and  argillaceous  beds,  in  the 
formations  below  chalk,  and  which  is  greatly  increased 
in  the  tertiary  strata  above  chalk,  observes,  **  that 
nature  seems  to  have  relented  in  iier  tendency  to  tbrm 
complex  mixtures,  when  chalk  was  dejwsited."  In  the 
upper  and  lower  cfialk,  we  find  a  vast  assemblage  of 
calcareous  strata,  composed  of  carbonate  of  lime,  with 
very  little  intermixture  of  the  other  earths,  and  with- 
out  any  alternation  with  regular  argillaceous  or  sili- 
ceous strata.  Chalk  is  not,  however,  absolutely  pure ; 
for,  beside  the  nodules  and  veins  of  flint  that  occur 
in  it,  but  which  bear  no  sensible  proportion  to  the 
whole  mass,  some  of  the  strata  contain  an  intermixture 
witli  siliceous  sand,  and  in  other  strata,  calcareous 
earth  is  combined  with  magnesia.  In  some  of  the  chalk 
strata  in  France,  the  magnesia  exceeds  ten  per  cent, 
and,  I  believe,  many  of  the  English  chalk  strata,  con- 
tain as  great  a  proportion  of  magnesian  earth. 

Chalk,  which  contains  a  notable  portion  of  magnesia, 
may  generally  be  known  by  an  appearance  of  dendri- 
tical  s])otted  tlelineations  on  the  surlace  of  tiie  natural 
partings,  and  by  minute  black  spots,  like  grains  of 
gunpowder,  in  the  substance  of  the  chalk. 

The  stratification  of  chalk  is  seldom  so  distinct  lis  in 
many  other  calcareous  formations  :  this  may  be  ])artly 
owing  to  the  softness  of  the  beds,  which  appear  to 
have  yielded  to  j)i  essure ;  and  to  the  same  cause  we 
may  probably  ascribe  the  fractured  state  of  the  no- 
dides  of  fiint  in  chalk,  which  often  appear  whole, 
when  th^  are  imbedded  in  the  rock,  but  when  taken 
out,  are  round  to  be  shivered  into  innumerable  angular 
fragments.  The  nodules  of  flint  are  commonly  ar- 
ranged in  pretty  regular  layers  hi  the  chalk  j  thev  occur 
in  detached  concretions  of  various  shapes  and  sizes : 
some  of  them  are  believed  to  be  the  casts  of  spongi- 
form zoophytes,  and  this  is  rendered  more  probable, 
by  the  frequent  occurrence  of  fossil  echini  in  chalk,  in 
whfeh  die  internal  pait  is  filled  with  fiint,  and  forms 

z  S 


MS  FLIKT8  IN  THE  UPFEE  CHALK 


a  perfect  cast  of  the  ammaL  In  some  of  the  chalk 
flints  near  Paris,  there  are  beautiful  small  crystals  of 
sulphate  of  strontian. 

The  constant  occurrence  of  Ami  in  the  upper  dialky 
and  the  apparent  conversion  of  animal  remains  into 
.flinl^  has  tormerly  given  rise  to  much  speculation 
respecting  the  origin  of  flint ;  and  it  was  at  one  time 
maintained,  that  lint  and  chalk  were  convertible  or 
capable  of  undergoing  a  mutual  transmutation :  but 
whatever  hidden  processes  there  may  be  in  the  great 
laboratory  of  the  earth,  by  which  all  mineral  sub- 
stances, held  to  be  elementary  by  tlie  chemist,  may 
be  resolved  into  original  elements  still  more  simple, 
and  afterwards  recompounded  into  other  substances, 
we  have  no  reason  to  mount  so  high  in  our  specu- 
lations, respecting  the  orighi  of  flint. 

Flint  is  siliceous  earth  nearly  pure ;  and  we  find 
tlie  same  earth  under  different  forms,  combined 
with  ahnoBt  all  calcareous  rocks  in  a  greater  or 
lesser  proportion. 

Primitive  limestone  is  often  much  intermixed  with 
siliceous  earth.  Transition  limestone  occasionally  con- 
tains rock-crystals  imbedded  in  the  mass :  this  is  not 
unfirequently  the  case  in  some  of  the  transition  lime- 
stones of  Derbyshire.  The  magnesian  limestones  and 
oolites  are  also  very  commonly  intermixed  with  sili- 
ceous grains,  and  often  alternate  with  strata  that  are 
more  or  less  siliceous :  hence  we  need  not  be  surprised 
to  find  siliceous  earth  in  chalk,  either  combmea  with 
calcareous  earth,  or  separated  in  distinct  concretions* 
When  the  cavities  of  a  sponge  or  of  a  crustaceous 
animal  admitted  the  siliceous  earth  to  enter,  it  appears 
to  liavc  been  infiltered  from  the  chalk,  m  the  same 
manner  as  the  nodules  of  chalcedony,  have  been  inlil- 
tered  into  the  cavities  of  lava  or  basalt.  Between 
chalcedony  and  flint  there  is  a  near  resemblance,  they 
are  only  diflerent  modes  of  the  same  substance,  and 
the  flint  nodules  in  the  western  counties  of  England 
are  frequently  chalcedouic.    The  hardest  rocks  and 
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stones  are  permeable  to  water ;  and  flint  when  first 
got  out  of  the  chalk  is  easily  fractured,  and  the  frac- 
tured surface  is  found  covered  with  moisture. 

The  organic  remains  in  tiie  chalk  formation  are 
exclusively  marine.  They  are  too  numerous  to  be 
described  in  the  present  work,  but  it  will  be  pro])er 
to  notice  those  that  are  the  most  characteristic.  These 
are,  first,  echinites,  particularly  the  helmet-shaped 
species  called  ananchytes,  and  the  heail-shaped  species 
spatangus  cor  anguinum.  The  chambered  shells 
c^ied  scaphites,  hamites,  turrilites,  and  baculites, 
are  r^rded  as  peculiar  to  the  chalk  formation :  it 
also  contains  ammonites,  belemnites,  and  nautilites. 
Numerous  organic  remains  of  zoophytes,  in  the  state 
of  flint,  particularly  of  sponges  and  alcyonia,  occur  in 
chalky  and  various  species  of  bivalve  sheUs ;  but  there 
are  comparatively  few  spiral  univalve  shelb  in  this 
fimnation.  It  is  probable  that  the  deep  ocean  ia 
whidi  chalk  was  deposited,  was  not  suited  to  the 
inhalntants  of  such  shells,  for  the  animals  had  heads 
and  eyes,  and  required  shallow  water  to  see  their  food. 
Several  s])ecics  of  fossil  fish  from  chalk  may  be  seen 
in  the  Mantellian  museum  at  Brigliton,  aiul  some 
vertebral  remains  of  large  saurian  animals,  but  these 
are  rare.  Teeth,  palates,  and  scales  of  fishes,  occur 
more  frequently  in  chalk  than  vertebra?.  The  great 
preservation  in  which  some  of  the  most  delicate  or- 
ganic remains  are  frequently  found,  render  it  probable 
that  chalk  was  deposited  in  a  deep  and  tranquil  sea. 
Balls  of  iron  pyrites,  with  a  radiated  diverging  struc- 
ture, are  frequently  found  in  chalk  ;  and  the  large  ' 
q>ines  of  echini,  of  the  eenus  Cidaris,  are  found  con- 
verted into  pyrites  in  the  chalk-pits  near  Dorking ; 
they  resemble  small  fungi  with  a  stalk  and  rounded 
head. 

The  vegetable  remains  in  chalk  are  very  few,  and 
appear  to  belong  to  species  of  fuci ;  but,  according  to 
M.  Brogniart,  in  the  isle  of  Aix,  near  Rochelle,  there 
is  a  considerable  bed  of  lignite  in  the  lower  bed  of 
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chalky  whichy  he  savsy  may  have  been  formed  of 
peat>  composed  of  decayed  fuci  and  other  marine 
pbnts. 

Before  concluding  this  brief  account  of  the  organic 

remains  in  chalk,  it  will  be  proper  to  notice  an  im- 
porUmt  discovery  thai  has  been  lately  made  by  Dr. 
Morton,  in  the  United  States  ot  Anurica.  It  had 
been  asserted  by  M.  Humboldt,  that  neither  oolite 
nor  chalk  iiave  been  found  in  South  America,  and 
such  was  generally  believed  to  be  also  the  case  in 
North  America.  At  the  time  when  M.  Humboldt 
visited  South  America,  it  was  not  known  or  even 
suspected,  that  chalk  and  oolite  might  undergo  a 
change  of  mineral  cliaracters,  and  be  converted  into 
crystalline  rocks,  resembling  primary  and  transition 
limestone*  I  believe  I  first  discovered  that  the  cal* 
carcous  rocks  in  Savoy^  which  were  descrihed  by  the 
French  geologists  as  primitive  and  transition  lime- 
stones,  were  m  reality  lias,  oolite,  and  chalk ;  and 
about  the  same  period  Dr.  Buckland  made  a  similar 
discovery  of  the  true  character  of  the  calcareous  beds 
in  the  Alps,  which  had  been  mistaken  for  transition 
rocks.  It  is  therefore  probaUe,  that  many  of  the 
calcareous  beds  in  America,  may  represent  the  chalk 
and  oolite  of  Europe.  Dr.  S.  G.  Morton  has  ascer- 
tained that  there  are  extensive  beds  of  marl  in  new 
Jersey  and  Maryland  (and  extending  into  other  states) 
which  contain  the  characteristic  fossils  of  the  chalk 
formation,  particularly  bnculites  and  scapliites,  toge- 
ther with  ammonites,  belcinnites,  echinites  (the  anan- 
chytes),  the  mososaurus  and  plesiosaurus,  also  bivalve 
and  univalve  shells  of  the  same  epoch.  Tliis  Ibrma- 
tion  in  some  parts  is  covered  by  tertiary  strata.  Dr. 
Mantell,  whose  accurate  knowledge  of  the  chalk  for- 
mation in  England  will  not  be  disputed,  has  received 
specimens  of  tliose  organic  remains  from  America,  and 
refers  tliem  decidedly  to  the  chalk  formation,  tliough 
he  considers  that  some  of  them  arc  analogous  to  the 
superior  chalk  beds  at  Maestricht»  which  are  wanting 
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m  the  chalk  fermations  of  FVance  and  Engbnd*  See 

Silliman's  Journal,  February,  183$. 

Between  the  epoch  when  chalk  was  deposited, 
and  the  period  when  it  was  covered  with  the  tertiary 
strata,  there  appears  to  have  been  a  considerable 
interv^al,  during  which  the  surface  of  the  extensive 
mass  of  clialk  was  deeply  furrowed  and  excavated, 
before  a  new  series  of  strata  were  deposited  upon  it, 
destined  to  support  a  new  creation  of  animals  of  a 
superior  class,  altogether  different  from  those  which 
have  .left  their  remains  in  the  subjacent  strata.  In 
some  situations,  however,  tiie  tertiary  strata  appear  to 
rest  conformably  on  chalky  and  present  no  indications 
of  any  interruption  in  the  regular  series  of  successive 
deposits.    In  an  interesting  paper,  by  Professor  Sedg- 
wick and  R.  J.  Murchison,  Esq.  on  the  relations  of  the  . 
secondary  and  tertiary  strata  on  the  southern  flanks 
of  the  Tyrolese  Alps,  published  in  the  FhiJ.  Mag.  for 
Junct  18^9  the  tertiary  strata  are  described  as  forming 
a  vast  series  of  beds  resting  on  sca^lia  or  chalk :  the 
lowest  of  these  beds  contain,  exclusively,  the  remains 
of  marine  animals,  and  no  interval  of  repose  can  be 
tfBced,  between  the  epochs  of  the  formation  of  the 
secondary  and  tertiary  strata.    The  scaglia  occurs  in 
beds  nearly  vertical :  the  upper  beds  contain  nodules 
and  layers  of  flints :  their  colour  is  red,  and  their 
structure  fissile.  The  lower  beds  are  thicker,  and  more 
compact,  and  pass  into  a  beautiful  white  saccharoid 
marble.    The  scaglia  contains  in  some  parts  ammo- 
nites and  belemnites.   It  cannot,  however,  be  denied, 
that  where  the  beds  are  so  much  broken  and  contorted 
as  they  are  on  the  Tyrolese  Alps,  and  where  their 
mineral  characters  differ  so  much  from  beds  of  the 
chalk  formation  in  England  and  France,  it  becomes 
exti'emely  difficult  to  ascertain  the  identity  of  these 
secondary  depositions  in  distant  countries.    In  the 
calcareous  formations  of  the  Savoy  Alps,  I  not  only 
discovered  the  characteristic  fossils  of  the  English 
strata,  but  observed  some  of  the  beds  possessing  the 
true  mineral  characters  of  the  English  oolites,  and 
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lias ;  but  where  these  chaiBcters  are  entirely  anting, 
and  where»  from  the  overturning  and  contortion  of 
strata,  the  aid  of  relative  geological  position 
cannot  be  obtained,  the  inferences  fiom  a  few  fossil 
organic  remains  must  be  received  with  a  certain 
degree  of  caution. 

Chalk  in  England,  and  the  northern  parts  of  Europe, 
is  less  hard  and  compact,  than  any  other  of  the  se- 
condary calcareous  formations.  The  upper  chalk,  in 
some  counties  denominated  soft  chalk,  is  scarcely 
liarder  than  marl.  Chalk  itself  is  provincially  called 
marl  in  the  Isle  of  Wight.  Owing  to  its  softness, 
chalk  has  sulibred  more  abrasions  and  denudations 
than  any  other  Hraestone  rocks.  Cavities,  called 
wells,  formed  in  the  chalk  near  Norwdch,  and  filled 
with  sand  and  gravel,  are  often  of  such  vast  magni« 
tude,  as  to  impede  the  farther  progress  of  the  work- 
men in  the  quarries.  Dr.  Mantell  informs  me,  tiiat 
in  some  of  the  valleys  of  Sussex,  there  are  immense 
accumulations  of  flint  nodules,  not  in  the  least  water* 
woiTi,  but  as  perfect  as  if  recently  removed  from  the 
chalk.  I  think  it  probable,  that  tlu  se  nodules  are 
the  remains  of  chalk  beds  so  soft^  that  they  have  been 
washed  away  like  mud,  without  bearing  with  them 
the  harder  and  heavier  masses  of  flint.  I  must  here 
refer  the  reader  to  my  observations  in  Chap.  IX. 
respecting  the  original  soft  condition  of  strata  beneath 
the  sea,  tliat  have  never  been  indurated  by  elevation 
and  drainage.  What  is  there  stated  respecting  the 
coal  strata,  is  particularly  applicable  to  chalk.  If  we 
bear  in  mind  the  soft  and  yielding  state  in  which 
chalk  probably  remained,  until  its  elevation  above  the 
ocean,  we  shall  have  less  difficulty  in  explaining  its 
subsequent  removal,  in  such  cases  as  the  denudation 
of  the  Wealds  of  Sussex  and  Kent.  By  referring  to 
the  small  map  in  the  last  chapter,  it  will  be  seen 
that  the  Weald  country  is  surrounded  (except  on  its 
eastern  side)  by  lofty  ranges  of  chalk  hills,  under 
which  the  betls  of  the  Wealden  dip ;  and  it  is  be- 
lieved that  the  chalk  once  extended  from  the  north 
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to  the  south  Dowim,  as  it  does  at  present  oh  the 
western  border  of  the  Wealds.  Near  the  middle 
the  Wealds»  there  is  a  range  of  hiOs  running  from 
east  to  we^  of  considerable  elevation,  composed 
of  the  Hastings  sandstone  described  in  the  pre- 
ceding chapter.  It  is  with  nuicli  })robability  con- 
jectured, that  when  these  hills  were  upraised,  the 
chalk  which  covered  them  was  fractured  and  broken 
down  as  it  rose  above  the  level  of  the  sea,  and  be- 
came subjected  to  the  tumultuous  agitation  of  the 
water.  Dr.  Mantell  justly  observes,  in  his  Geolofry 
of  the  South-east  of  England^  p,  SI  6,  when  treating 
of  tlie  Weald  denudation,  and  the  removal  of  the 
chalk,  **  It  seems  probable  that  elevation  and  de- 
struction were  going  on  simultaneously.  80  soon  as 
the  first  ridge  of  chalk  on  the  anUciinal  line  pro- 
truded above  the  surface  of  the  ocean*  it  would 
become  exposed  to  the  action  of  the  waves*  and  as 
elevation  proceeded,  degradation  would  proceed  also* 
until  the  whole  of  the  chalk  strata  were  carried  away* 
and  the  Wealden  beds  in  their  turn*  became  exposed 
to  the  same  destructive  agency.*' 

The  destruction  of  the  chalk*  and  its  removal* 
would  be  greatly  accelerated*  if*  as  I  believe  it  pro- 
bable*  the  upper  beds  were  full  of  moisture^  and 
as  soft  as  fiesh-made  mortar.  That  such  must  have 
been  the  ccmdition  of  chalk*  for  some  time  after  its 
original  deposition,  appears  evident  from  facts  that 
will  be  referred  to  in  the  following  chapter.  Tlie 
anticlinal  line,  mentioned  by  Dr.  Mantell,  refers  to 
the  range  of  hills  extending  from  Hastings  to  near 
Horsham.  These  hills  are  composed  of  the  lower 
beds  of  the  Wealden,  which  dip  in  opposite  direc- 
tions, on  the  north  and  south  sides  of  the  range. 
This  indicates  the  line,  along  which  the  elevating 
force  acted  more  immediately.  Other  lines  of  elevation 
probably  exist  in  tlie  vicinity,  particularly  one  near  the 
borders  of  the  north  Downs,  where  the  green  sand  of 
Leigh  Hill  has  been  elevated  to  the  height  of  one 
thousand  feet*   These  elevating  forces  have  also  occa- 
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Stoned  a  lateral  pressure  on  some  of  the  Wealden  beds, 
giving  them  a  waving  form,  by  which  the  same  bed  is 

repeatedly  brouf^ht  to  the  surface  :  hence  some  geo- 
logists have  mistaken  the  rc'a])pearaiice  of  the  Siinie 
strata,  for  a  succession  ol  different  strata,  rising  from 
under  the  upper  beds. 
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CHAP.  XVL 

ON  THE  FORMATION  OF  SECOND  AH  V  LIMESTONE 
AND  SANDSTONE,  AND  ON  THE  PROGRESSIVE 
DEVELOFEMENT  OF  ORGANIC  UFE. 

On  the  Deposition  of  Chalk.  —  Whether  forraed  by  Animal  Secre- 
tion, or  by  Eruptions  of  Water  holding  Calcareous  Earth  in 
Suspension  or  Solution.  — >■  Mud  Volcanoes.  —  ADimal  Bodies 
suddenly  eneaacd  in  Chalk  Indieaie  the  Time  required  to  form  a 
Stratum  of  a  given  Thickness.  —  Oolite  axid  Encrinal  Limestone 
partly  formed  bv  ATiimal  Secretion.  —  Formation  of  Sandstone. 
—  Repeated  Appearance  of  dry  Land  during  tlie  ejxieh  when 
the  Secondary  Strata  were  deposited.  —  Progressive  Develope- 
ment  of  Orsanic  Life  in  the  Seoondanr  and  Tertiary  Epochs.  — 
Remains  of  Mammalia  in  Stonesfield  Slate. — Disappearanoe  of 
enormous  Reptiles  and  large  chambered  Shells  from  Northern  . 
Latitudes.  —  Probability  of  the  Ictbyosaurus  existing  as  a  living 
Species  in  the  present  Seas. 

Having  travelled  witli  the  reader  over  the  secon- 
dary strata,  from  the  lowest  new  red  sandstone,  to 
the  npper  chalk,  he  may  not  be  disinclined  to  pause 
awhile,  and  look  back  upon  the  ground  which  he 
has  already  passed,  comprising  a  series  of  calcareous^ 
sandy,  and  argillaceous  beds,  whose  aggrqeatc  thick- 
ness may  not  be  less  than  ten  thousand  feet  It  is 
scarcely  possible,  in  observing  these  beds,  and  the 
bones  and  shells  of  extraordinary  animals  which 
they  contain,  not  to  feel  some  desire  to  ascertain 
tlie  causes  by  which  they  were  thus  entombed,  and 
to  enquire  in  what  manner,  or  by  what  agents,  the 
diflerent  beds  were  deposited  or  consolidated.  Such 
researches  form  rational  and  legitimate  subjects  for 
the  meditation  of  tlie  geologist,  though  he  may 
frequently  have  to  lament  the  imperfection  of  his 
present  knowledge,  and  the  mystery  in  whidi  many 
of  the  processes  of  nature  are  still  involved. 

One  of  the  most  ancient  geological  enquiries  re- 
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lates  to  the  formation  of  limestone  rocks  and  strata. 
Whence  was  the  calcareous  matter  derived  f  Some 
limestone  rocks  are  chiefly  composed  of  shells,  or 
other  caTcareous  remains  of  marine  animals,  and 
in  such  instances,  we  can  have  little  hesitation  in 
ascribing  their  formation  to  animal  secretion,  similar 
to  what  is  taking  place  in  the  numerous  coral  reeft 
in  the  Pacific  ocean.  There  are  other  beds,  however, 
such  as  chalk,  to  which  a  similar  fonnation  cannot  be 
ascribed ;  for  though  they  contain  numerous  oiganic 
fossils,  these  do  not  bear  the  propordon  of  one  to 
one  hundred  millions,  when  compared  to  the  whole 
mass,  and  the  chalk  does  not  appear  to  have  under- 
gone any  chemical  change,  from  neat  or  other  causes, 
that  could  have  obliterated  the  traces  of  oraanic 
existence.  In  no  formation  are  the  most  d^cate 
organic  textures  of  animals  better  preserved.  In 
Dr.  Mantell's  splendid  collection  or  chalk  fossils, 
there  are  specimens  of  fish,  in  which  the  body  is 
entire  and  the  stomach  is  full  and  uncomprossLd  ;  and 
the  beautiful  forms  of  many  shells  covered  witli  spines, 
prove  that  they  could  not  Iiave  been  drifted  from  a 
-distance,  or  deposited  in  an  agitated  ocean. 

Perhaps  the  recent  discovery  of  numerous  micro- 
sco})ic  shells  in  chalk,  may  uhinuitely  prove  that  the 
portion  of  matter  formed  by  animal  secretion  in  chalk 
beds,  is  much  greater  than  what  is  above  stated.  Forty 
species  of  minute  shells,  allied  to  the  nummulite,  (see 
plate  8,  fig.  IS,)  have  been  tbund  by  Count  Munster, 
in  the  chalk  of  Maastricht.  Mr.  Lonsdale  has  dis- 
covered sixteen  species  of  similar  microscopic  shells 
in  English  chalk,  and  also  numerous  valves  of  a 
minute  shell  closely  resembling  the  fresh-water  cypris. 
So  fiir,  however,  as  we  at  present  know,  these  nucro- 
soofMc  shells  may  be  regarded  as  constituting  a  very 
small  part  of  cretaceous  rocks ;  but  we  may  infer,  that 
water  saturated  with  calcareous  earth,  was  highly  fi^* 
vouraUe  to  the  increase  of  some  testaceous  anunals. 

I  have  never  been  able  to  comprehend,  why  any 
peculiar  difficulties  should  be  supposed  to'  attend 
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the  enquiries  respectino^  the  origin  of  calcareous  or 
map^nesian  earths ;  or  of  the  carbon  and  sulphur 
occurring  in  rocks,  in  the  state  of  carbonic  or  sul- 
phuric acids.  It  would  be  equally  proper  to  institute 
an  enquiry  into  the  origin  of  silex  or  alumine.  I 
hold  the  earth  itself,  and  its  ancient  atmosphere,  to 
have  been  the  great  chemical  laboratories,  in  which 
all  the  solid  and  fluid  parts  of  tlie  surface  were 
originally  prepared  and  formed.  This  opinion  I 
stated  at  some  length  in  Chap.  XVI.  of  the  second 
edition  of  this  wo»»  in  1815,  and  also  in  the  diird 
edition,  in  a  chapter  on  the  agency  subterranean 
fire  in  the  formation  of  rocks,  ana  on  igneous  and 
aqueous  eruptions  of  earihv  matter.  It  1ms  bc^  too 
much  the  fashion  to  consider  all  the  secondary  strata 
as  mechanical  depositions ;  but  the  siliceous  strata  in 
the  Paris  basin,  the  layers  of  flint  in  chalk,  and  the 
beds  of  chert  or  homstone  in  transition  limestone, 
are  certainly  as  much  original  formations  as  granite 
itself. 

In  referring  to  the  vast  magnitude  of  ancient 
volcanoes,  I  have  stitted  that  they  had  doubtless  an 
important  office  to  perform  in  nature  :  and  can  it  be 
unreasonable  to  believe,  that  the  earth  itself  is  the 
great  laboratory  and  storehouse,  wliere  tlie  materials 
that  form  its  surface  were  prepared,  and  from  whence 
they  were  thrown  out  upon  the  stnface  in  an  igneous, 
aqueous,  or  gaseous  state,  eitiier  as  melted  lava,  or  in 
aqueous  solution,  or  in  mechanical  admixture  with 
water  in  the  form  of  mud,  or  in  the  comminuted 
state  of  powder  or  sand?  Inflammable  and  more 
volatile  substances  may  have  been  emitted  in  a 
gaseous  state,  and  become  concrete  on  the  sur&ce. 

These  primeval  eruptions,  ju^ng  flrom  the  size 
of  the  ancient  fissures  and  craters,  may  have  been 
sufficient  to  cover  a  large  portion  of  the  elobe.  Nor 
can  it  be  deemed  improtMtble^  that  still  larger  and 
more  ancient  craters  nave  been  entirely  covered  by 
succeeding  eruptions.  In  proportion  as  the  formation 
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of' the  siirtacf  aii\ aneeci,  theM-  cru^nions  ini&rht  liiciiue, 
and  be  more  and  more  limited  in  meir  operation. 

It  is  not  ncccssarv  to  -uppoNC,  that  these  Mibter- 
ranean  crii])lioii>  c(>n>i>ied  uiii\  ot  iava  in  a  state  <»f 
fusion.  Tlie  laiL'^ot  active  volcanoes  at  pitr>ent  exist- 
ing, throw  out  llie  dirf'erent  eartlis  intermixed  witii 
water  in  the  torm  of  mud.  Nor  should  we  Hmit  tlie 
eruptions  ot'  earthy  matter  in  solutioa  or  su^iension, 
to  volcanic  craters :  the  vast  fissures  or  rents  which 
iDtersect  the  difierent  rocks,  may  have  served  for  the 
passage  of  siliceous  solutions  to  the  surfiMre.  We 
know  no  instances  in  nature  ci  siliceous  earth  being 
held  in  aqueous  solution,  except  in  the  waters  of  hot 
or  boiling  springs ;  and  hence  it  seems  reasonable  to 
infer,  th^  many  siliceous  rocks  and  veins  have  been 
deposited  from  subterranean  waters,  at  a  hi^h  tempe- 
rature.* Calcareous  or  cretaceous  matter  iss^  Reeled 
during  aqueous  volcanic  enipdoos.  According  to 
Ferraxa,  streams  of  liquid  chauc»  or  chalk  in  the  state 
of  mud,  were  ejected  from  the  mud  volcano  of  Maca- 
hiba,  in  Sicily,  in  1777,  which,  in  a  short  space, 
formed  a  bed  several  feci  in  thickness.  Beds  of  lime- 
stone may  have  been  formed  by  similar  calcareous 
eruptions,  in  wliicli  the  lime  might  be  sometimes  in 
solution,  and  sometimes  meciianically  suspended  ;  and 
the  numerous  remains  of  testaceous  animals  in  lime- 
stone appear  to  indicate,  that  the  calcareous  solutions 
were  favourable  to  the  g^rowth  of  animals,  wliose 
coverings  contain  so  much  calcareous  matter.  Nor  is 
it  necessary  to  suppose,  that  these  aqueous  eruptions 
were  always  sutlden,  and  attended  with  violent  con- 
vulsionsy  ibr  when  a  ))assage  was  once  opened,  they 
may  have  risen  slowly,  and  have  been  diiiused  in  a 
tranquil  state,  and  by  gradual  deposition,  or  conden- 
sation, may  have  envek)ped  the  most  delicate  animals 

•  M.  Broguiart,  to  whom  I  se  nt  the  edition  of  1815,  sn))«oqnoT)tIy 
a(iiiiitt<-(l  a  similar  formation  of  the  silie(  <ms  hf  (l<  and  mill>ton. -  in 
tht'  Paris  basin,  that  they  were  deposited  by  tlieruial  waters  holding 
t^ilex  in  solution. 
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or  vegetables,  without  injuring  their  external  i'orm. — 
Second  edition,  1815. 

If  the  geologist  can  adniit  such  a  condition  of  tiie 
ancient  world  as  above  described,  a  condition  which, 
on  a  smaller  scale,  might  be  proved  to  have  existed 
since  the  period  of  authentic  history :  if  he  will 
further  admit,  that,  before  the  formation  of  chalk, 
«  great  portion  of  what  is  now  £ngland,  and  the 
northern  continent  of  Europe,  was  covered  by  a  deep 
ocean«  intei^iersed  with  islands,  and  surrounded  by 
ancient  continents,  and  this  few  modeni  geologists 
will  deny.  Then»  if  we  allow  submarine  aqueous 
eruptions  of  calcareous  matter,  dither  in  solution  or 
mechanical  suspension,  and  eruptions  of  siliceous 
sdutions  from  thermal  waters,  to  have  been  poured 
over  the  bottom  of  this  deep  andent  ocean,  we  shall 
have  all  the  circumstances  required,  to  form  thick 
beds  of  chalk,  interspersed  with  layers  and  nodules  of 
ffint.  In  an  experiment  on  clay  formed  into  a  stiff 
paste,  by  an  admixture  with  a  saturated  solution  of 
alum,  it  was  found,  on  breaking  the  clay  when  dry, 
that  alum  was  interspersed  through  the  mass  in  dis- 
tinct crystals  and  concretions.  In  tlie  same  manner, 
we  may  suppose  that  the  sUex  in  the  siliceous  solu- 
tions, spread  through  the  calcareous  matter,  would 
separate  into  distinct  concretions,  filling  the  cavities 
and  pores  of  zoophytes — such  as  sponges  and  alcyonia, 
or  of  shells  deposited  in  the  chalk.  Every  fact  con- 
nected with  the  history  of  chalk,  proves  that  it  was 
formed  in  a  very  tranquil  sea,  and  not  by  the  drift  or 
detritus  of  more  ancient  rocks.  Dr.  Mantell,  after 
many  years  observation  on  the  chalk  formation,  says, 
that,  in  the  whole  of  these  immense  beds  that  he  has 
examined,  the  occunence  of  a  single  fragment  or 
pebble  of  more  ancient  rocks  in  chalk  Is  extremely 
rare;  a  fact  decisive  against  its  being  formed  by 
mechaniod  deposition  of  drift,  or  detritus  of  older 
limestones.  Tlie  preservation  of  the  most  delicate 
textures  of  animals  before  referred  to,  proves  beyond 
doubt,  that  those  organic  bodies  liad  not  been  trans- 
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ported  from  a  distance,  or  subjected  to  the  violent 
action  ol  inundations  or  currents. 

IVom  the  uncompressed  state  of  the  bodies  of  tish 
found  in  chalk,  and  from  the  flint  nodules  imbedded 
in  tlic  upper  clialk  containing  animal  remains,  we 
may  learn  that  chalk  was  deposited  in  a  soft  state  like 
pubtc  or  mudf  and  remained  soft  for  a  considerable 
time,  allowing  the  silex  disseminated  in  solution 
tJiroiigh  the  tomf  to  be  formed  into  distinct  con- 
cr(>tions  by  chemical  affinity  .and  attraction.  The 
liinta  found  in  the  chalk  near  Paris^  in  which  are 
extremely  delicate  crystals  of  sulphate  of  strontianb 
have  been  deposited  from  a  solution  of  silioeoiis  earth 
containing  a  portion  of  strontian*  The  ciystals  are 
too  delicate  to  havefonned  a  nudeus  for  tbesilioeoua 
earth  to  surround ;  they  are  found  adhering  to  the 
ftactured  sur&ce  of  the  flint,  and  are  disseminated 
over  it  The  fossil  fish  in  chalk,  vntik  their  bodies 
entire  and  uncompressed,  prove  that  the  chalk  which 
surrounded  them,  was  extremely  soft  and  yielding, 
and  this  must  also  have  been  the  aisc  with  all  argilla- 
ceous stratii,  that  contain  remains  of  fish,  not  flatteia  J 
by  ])ressure.  We  further  learn,  that  the  animals  were 
enai.Hcd  in  mineral  matter,  before  the  ^utretactive 
process  luul  effected  the  decomposition  of  the  fleshy 
parts.  A  sudden  eruption  of  thermal  water  holding 
calcareous  earth  in  solution  or  suspension,  mi^ht 
instantly  deprive  tlie  animal  of  life,  and  protect  tlie 
body  from  decay.  The  matter,  called  creta  by  Fer- 
rara,  erupted  trom  Macaluba,  was  certainly  a  soft 
limestone,  analogous  to  chalk ;  and  though  the  erup- 
tion lasted  only  part  of  a  day,  it  formed  a  stratum 
many  feet  in  thickness.    Had  this  eruption  taken 

Elace  under  water,  the  earthy  matter  would  have 
ecu  more  widely  diffused,  and  the  stratum  of  lime- 
stone deposited  would  have  been  proportkmably 
thinner.  In  the  case  of  the  fossil  fish  b^xre  stated, 
we  are  not  obliged  to  suppose  the  deposition  to  be 
so  rapid»  several  days  might  elapue  bdfore  the  body 
was  enturely  buried  under  calcsu:eous  earth.   If  we 
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say  seven  days,  and  estimate  the  thickness  of  the  fish 
at  three  inches,  we  shall  have  a  chronometer  to 
measure  the  time  required  to  form  a  stratum  of 
chalk  tliree  inches  in  depth,  viz.  one  week.  This  is 
equal  to  one  foot  . in  a  month,  or  twelve  feet  in  a 
year ;  and  could  w^e  suppose  the  deposition  to  proceed 
without  interruption,  it  would  not  require  more  tlian 
ninety  years,  to  form  a  mass  of  chalk  beds,  one 
thousand  feet  in  thickness ;  which  is  more  than  that 
of  all  the  chalk  beds  in  ED^land.  It  is  by  no  means 
intended  to  support  the  opinion,  that  the  chalk  beds 
were  all  deposited  in  so  short  a  period  ^  long  intervals 
of  repoee  might  elapse  between  difibrent  eruptions. 

My  object  in  directing  the  attention  of  geologists 
to  tms  subject  is»  to  sh^  that  strata  may  be  formed 
more  ra^dlv  than  they  are  generally  disposed  to 
believe»  and  that  the  feeble  operations  or  natural 
causes  in-  our  own  times*  however  similar  in  kind, 
bear  no  proportion^  fai  their  intensity,  to  the  mighty 
agents  that  have  formed  the  ancient  crust  of  the 
globe.  The  deposition  of  a  bed  of  calcareous  earth, 
a  few  feet  in  thickness  in  some  of  the  Scottish  lakes, 
as  described  by  Mr.  Lyell,  would  appear  to  have 
required  many  centuries  for  its  completion.  In  some 
of  the  beds  of  oolite,  the  quantity  of  animal  remains 
bears  a  considerable  proportion  to  the  whole  mass, 
and  the  beds  of  encriual  limestone  in  some  of  our 
mountain  limestones,  are  formed  principally  of  the 
broken  stems  and  branches  of  encrinites  5  but  it  is  not 
improbable,  that  the  interstices  have  been  filled  by 
calcareous  depositions.  It  is  obvious,  that  limestone 
strata  <^  considerable  thickness,  if -composed  chiefly 
of  organic  remains,  would  require  coaturies  for  their 
completion. 

Let  us  now  take  a  brief  survey  of  the  beds  of 
secondary  sand  and  sandstone.  The  lowest  or  new 
red  sandstone,  appears  to  have  been  formed  in  an 
epoch  of  volcanic  action  over  a  large  portion  of  the 
present  European  continent,  which  broke  up  the 
foundation  of  primary  and  transition  rocks,  ana  scat* 
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tered  their  fragments  over  the  bed  of  an  ancient 
ocean.  See  Chap.  XII.,  p.  '295,  In  many  parts  we 
observe  a  tendency  to  form  beds  of  porphyry,  but  the 
process  appears  to  have  been  often  more  or  less  inter- 
rupted by  disturbing  causes  ;  and  we  observe  porphy- 
ritic  beds,  with  well  defined  crystals  of  felspar,  alter- 
nating with  sandstone  of  mechanical  formation.  We 
may  further  observe,  that  in  this  epoch  of  disturbance, 
there  were  long  intervals  of  repose,  during  wliich  the 
beds  of  magnesian  limestone  and  mii8chel-kalk»  were 
deposited  in  certain  situattons. 

The  operations  of  medianical  causes  are  obvious  in 
almost  all  sandstone  rocks,  and  beds  of  conglomerate, 
and  the  experimmts  of  Sir  James  Hall  prove,  that 
beds  of  loose  sand  naey  be  agglutinated  into  sand- 
stone, if  permeated  by  steam  from  saline  water  at  a 
high  temperature.  In  some  extensive  beds  of  loose 
sand  or  conglomerate,  there  are  masses  and  concretions 
of  siliceous  stone.  Dr.  Fitton,  in  his  OhtervoHanSf 
p.  SSQ,  says,  This  ^ct,  though  of  universal  occur- 
rence in  the  secondary  strata,  is  especially  remarkable 
in  the  lower  gi  ecn-s;uiil,  and  Hastmgs  sand  of  Sussex 
and  Kent."  The  tendency  to  concretional  formations 
may  arise  from  chemical  action  and  separation,  as  in 
the  case  of  concretions  of  alum  and  clay  before 
mentioned;  or  tiiermal  water,  containing  siliceous 
solutions,  may  have  j)enetrated  to  difterent  parts  of 
the  beils  of  sand,  and  united  the  particles  into  com- 
pact masses.  Siliceous  sand,  cemented  by  calcareous 
earth  into  stone,  (called  calciferous  sancistone),  has 
probably  been  formed  by  the  penetration  of  water 
saturated  with  calcareous  earth.  The  tendency  to 
concretional  separation,  may  sometimes  be  observed  in 
recent  admixtures  of  earth.  It  is  owing  to  this  ten- 
dency to  form  separate  concretions^  that  the  earth 
prepared  for  porcelain  at  Sevres,  near  Paris,  which  is 
foely  ground  into  a  kind  of  stiff  paste»  and  kept  for 
sevmlyeus,  is  repeatedly  ground  agaui,  to  prevent 
the  separation  of  the  felspar  and  quartz,  of  which  it 
is  chiefly  composed.  The  late  Lord  Clifford  of  Chud* 
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leigh,  in  Devonshire,  showed  me  arable  fields  which 
had  received  successive  dressings  of  lime,  at  stated 
intervals  of  some  years,  and  he  informed  me,  it  was 
discovered  by  digging,  that  at  different  deptlis  from 
the  surface,  layers  or  strat^i  of  lime  were  found  sepa- 
rated from  each  otlier,  by  layers  or  strata  of  soil,  each 
dressing  of  lime  having  formed  a  distinct  stratum. 

With  respect  to  beda  of  clay,  their  formation  by 
aedunentary  depoeition  wiD  not  be  doubted  j  but  we 
are  not  certain  that  in  some  instances,  the  matter 
may  not  have  been  ejected  by  submarine  mud  voU 
canoes,  containing  the  sulphur^  iron,  and  saline  matter, 
in  which  seyeral  of  these  beds  abound. 

One  of  the  most  interesting  drcumstances  attending 
the  secondary  strata  is,  the  convincmg  evidence  they 
affi>rd,  that  at  different  periods  of  their  fbrmation,  the 
earth  had  extensive  tracts  of  dry  land,  either  islands 
or  continents ;  for  though  the  jprevailing  character  of 
the  secondary  strata  is  that  oi  marine  beds,  yet  we 
find  among  them  beds  contain in<2^  exclusively  fresh- 
water shells,  and  also  terrestrial  and  marsh  plants,  and 
in  almost  all  the  secondary  strata  (except  chalk), 
though  the  organic  remains  may  be  chiefly  marine, 
we  hntl  remains  of  some  freshwater  animals,  or  terres^ 
trial  plants,  which  were  probably  brought  by  rivers 
from  the  land,  and  deposited  in  the  ancient  ocean. 
We  have,  beside  the  above  evidence,  the  regular  coal 
strata,  8000  feet  or  more  in  thickness,  abounding  in 
terrestrial  plants.  We  have  also  a  great  thickness  of 
freshwater  strata  in  some  part  of  the  oolite  fomuu 
tion,  and  the  Wealden  strata,  more  than  a  tliousand 
feet  in  tliickness,  appear  to  have  been  d^osited  in  a 
freshwater  estuary  or  river,  which  would  require  a 
large  continent  of  dry  land  for  its  formation.  Now, 
it  is  remarkable,  that,  in  all  the  above  beds,  we  do  not 
find  a  single  bone  of  any  laige  mammiferous  land 
quadruped,  nor  even  a  bone  of  the  smallest  species, 
except  m  the  anomalous  instance  of  Stonesdield. 

To  mamtain  that  such  bones  not  having  been 
discovered,  is  no  evidence  that  they  may  not  exist, 
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appears  to  me  to  be  making  a  retrograde  step  in 
science.  It  is  true,  that  **  the  bottom  of  the  sea  has 
not  been  dredged,"  to  disco\  er  wliat  species  of  animals 
have  existed  in  former  ages  ;  the  geologist,  however, 
can  have  no  need  of  such  an  operation,  for  the  land 
beneath  the  former  sea  has  been  hiid  bare,  and  is  now 
exposed  over  an  extent,  equal  to  that  of  all  the  habi- 
table parts  of  tlie  globe.  Every  island  and  continent 
has  formed  part  of  an  ancient  bed  of  the  ocean,  and 
that  not  once,  but  repeatedly  ;  and  tliis  extended  sur- 
face of  the  ancient  bed,  is  exposed  to  the  examination 
of  thousands  of  observers^  in  every  degree  of  latitude, 
not  covered  by  polar  snows.  The  absence  of  remaina 
of  the  higher  orders  of  animals  in  all  the  seoondaiy 
atrata,  and  the  frequent  recurrence  of  these  remains 
in  the  more  recent  or  tertiaiy  strata,  appear  to  afford 
presumptive  evidence,  amountmg  almost  to  certainty* 
that  the  higher  orders  did  not  existp  at 'least  in  the 
northern  hemisphere^  till  an  epoc^  subsequent  to  the 
deposition  of  all  the  secondary  formations. 

The  bones  of  terrestrial  mammalia  allied  to  the 
(mossum,  found  in  the  secondary  strata  of  Stonesfield, 
moidf  if  attentively  considered,  proofe  of  the  pro- 

gressive  advancement  of  organic  life,  in  ascending 
om  the  most  ancient  to  the  most  recent  formations. 
Mr.  Owen,  by  an  anatomical  examination  of  tlie 
animals  of  tliis  order,  has  ascertained,  that  the  brain 
and  nervous  system  are  less  fully  developed  than  in  the 
other  orders  of  terrestrial  mammalia,  and  approach 
to  the  condition  of  reptiles.  See  Phil.  Trans,  of 
Loudon,  1834.  The  lact  of  tlieir  bringing  forth  their 
young  in  a  very  imperfect  state,  and  retaining  them 
m  a  pouch  or  marsuj)ium  until  they  are  more  fully 
grown,  further  proves  that  they  hold  an  intermediate 
place  between  o\  iparous  reptiles,  and  the  other  orders 
of  mammalia.  ¥Tom  the  pouch  or  marsupium  destined 
for  the  reception  of  their  young,  this  order  of  animals 
is  called  by  Cuvier  marsupiaL  The  omithorhynchus 
of  New  Holland,  is  said  to  resemble  marsupial  animals^ 
in  some  parts  of  its  organisation*  and  it  is  not  yet 
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ascertained  whether  the  animal  is  viviparous  or  ovipa- 
rous.   Regiie  Animal,  torn,  i.,  p.  235. 

When  we  iiscend  Lo  the  strata  deposited  at  a  later 
period  than  chalk,  we  find  a  remarkable  change  in  the 
character  of  the  organic  remains.  The  ammonites* 
and  other  chambered  siieliii,  which  are  so  numerous  in 
the  secondary  strata,  disappear  entirely  in  the  tertiary 
strata,  except  the  ibssil  nautilus,  which  is  occiiisionaliy 
found  in  these  strata,  and  the  animal  now  exists  as 
a  living  gpecies  in  the  Indian  Ocean.  The  enormous 
licards,  and  animals  allied  to  the  lizard  and  crocodile 
whose  bones  abound  in  the  secondary  strata,  from  lias 
lo  chalk,  disappear  also  in  the  tertiary  strata,  with  the 
rare  exception  of  a  small  species  of  crocodile a  &ct 
which  indicates*  that  animals  of  this  order  ceased  to 
be  inhabitants  of  northern  latitudes*  when  the  tertiaiy 
strata  were  deposited.  In  the  tertiaiy  strata*  the 
place  of  these  enormous  reptiles  is  occupied  by  the 
remains  of  cetaceous  mammalia  like  the  whale*  and  by 
higher  orders  of  terrestrial  mammalia*  but  belonging 
to  genera  or  species  now  extinct;  the  gigantic  mas- 
todon, the  mammoth,  and  niagatherium,  rivalled  in 
magnitude  the  enormous  reptiles  of  a  more  ancient 
world.  Other  species  of  mammalia  of  lesser  size,  both 
herbivorous  and  auiiivorous,  but  equally  perfect  in 
their  organisation  with  the  land  quatli  lipeds  of  the 
present  epoch,  have  left  their  bones  in  many  of  the 
tertiary  beds.  Here  we  may  stop ;  for  we  approach 
to  a  period  connected  with  the  present  order  of 
things,  a  period  immediately  preceding  that  myste- 
rious operation  of  divine  power  and  iutelligence*  the 
creation  of  man. 

The  doctrine  of  the  progressive  developcment  of 
organic  life  *  here  briefly  stated*  has  been  recently 
opposed  by  highly  ingenious  aiguments,  but  which, 
in  my  opinion^  do  not  in  the  least  invalidate  the  truth 

*  By  the  "progressive  dovclopcment  of  ora;aiiic  life"  is  to  be  un- 
derstood, not  the  tiansniutivtioii  of  one  sppcics  into  another  species 
of  a  higher  onU  r,  but  u  successive  creation  of  more  perfect  auiiuuls, 
as  the  world  became  suited  for  their  support  and  incieose. 
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of  the  doctrine, — a  doctrme»  however,  ^t  Hke  almost 
all  general  concluaioiiSi  reqiures  to  be  admitted  with 
certain  limitations  and  restrictions.   Eveiy  instance 
hitherto  adduced,  of  bones  of  the  higher  orders  of 
animals  being  found  in  ancient  seoondur  strata,  have 
proved,  on  accumte  examination,  to  be  ftUacioas. 
Ah  instance  of  this  kind  came  under  my  observation, 
when  on  a  visit  to  my  native  town,  Nottingham,  in 
1880.    A  inodical  gentleman  sliovvcd  me  tiie  portion 
of  the  thigh-bone  ot  an  ox,  which  he  had  treasured 
with  great  care,  as  it  was  obtiuiied  from  a  deep  exca- 
vation on  the  side  of  a  hill  of  sandstone,  near  Not- 
tingham.   As  this  sandstone  belongs  to  tlie  more 
ancient  of  the  secondary  strata,  the  red  sandstone  and 
marl  (see  Chap.XTL),  and  as  the  bone  was  placed 
deep  under  the  surface,  and  the  workmen  declared 
there  was  no  fissure  or  opening  near  to  where  tlie 
bone  wus  found,  the  specimen  was  regarded  as  afford- 
ing a  remarkable  exception  to  a  general  law  in 
geology.    Knowing  from  the  structure  of  the  rock, 
that  it  is  almost  every  where  intersected  by  deep 
vertical  fissures,  I  was  persuaded  that  the  true  posi- 
tion of  the  bone,  had  not  been  correctly  stated  by  the 
workmen }  and,  on  carefully  examining  the  cave,  a 
deep  fissure,  extending  to  the  sui&ce,  was  discovmd 
dose  to  the  situation  where  the  bone  was  found.  . 
There  can  be  no  doubt  that  the  bone  had  fillen  into 
this  fissure,  and  was  dius  mtroduoed  into  a  lower 
stratum  of  sand  rock. 

When  we  consider  the  violent  convulsi<ms  and 
overtumings  to  which  the  crust  of  the  globe  has  been 
suljjectcd,  it  is  truly  suqorising  that  remains  of  tlie 
higher  orders  of  animals  should  not  have  been  fre- 
quently buried  in  the  lower  ancient  strata,  if  they  liiul 
previously  existed. 

In  the  long  jiges  of  change  and  disturbance,  during 
whicli  the  solid  surface  of  our  planet  was  aj)proaclung 
to  its  })resent  state,  we  may  reasonably  believe  that 
the  earth  was  not  fitted  to  be  the  residence  of  man 
and  the  higher  order  of  aimuab.   Evea  those  geo- 
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legists  who  deny  the  progressive  developemcnt  of 
organic  life,  admit  that  man  is  a  recent  inhabitant  of 
the  globe ;  but  if,  as  they  maintain,  the  essential  con- 
ditions of  the  eartli  iiave  been  the  same  iis  at  present, 
during  an  indefinite  series  of  ages ;  if  tlie  same 
causes  have  always  been  in  operation,  without  any 
increased  intensity  of  action  ;  if  the  earth,  from  the 
remotest  imaginable  epoch,  had  islands  and  con- 
tinents, rivers  and  seas,  ei\joying  a  similar  tempera- 
ture to  the  present,  though  placed  in  different 
latitudes :  if  such,  I  repeat,  were,  from  the  remotest 
epoch,  the  condition  of  the  globe,  no  assignable 
reason  can  be  imagined,  why  it  miffht  not  have  been 
inhabited  by  man« — If  the  same  changes  were  only 
taking  place  that  we  observe  at  present,  or  even  sup- 
posing them  to  be  more  extensive  in  their  operation» 
yet  the  human  race  might  still  have  flourished  in 

"  Some  safe  retreat  in  depth  of  woods  embraced. 
Some  happy  island  in  the  watery  waste." 

But  the  more  ancient  strata  present  evidence  of  over- 
whelming changes  and  mighty  convulsions,  that  iiave 
elevated  mountain  ranges,  broken  tlie  solid  crust  of 
the  globe,  and  scattered  the  fragments  in  every  direc- 
tion. During  these  epochs  of  disturbance,  neither 
the  eartli  nor  tlie  atmosphere  could  be  fitted  for  the 
residence  of  man,  or  the  higher  order  of  animals  ;  nor 
do  we  find,  among  the  secondary  strata  that  have 
once  been  dry  land,  any  remauis  of  its  former  inliabi- 
tants,  except  the  bones  of  enormous  reptiles. 

Though  man  and  the  higher  orders  of  animals 
could  not  e3U8t  during  an  epoch  of  universal  disturb- 
ance^ yet  we  can  discover  no  reason  why  many  genera 
and  species,  particularly  of  marine  animals,  that  have 
formerly  existed,  should  be  now  extinct  unless  a 
change  have  taken  place  in  the  temperature  of  the 
g^obe.  Indeed,  it  is  found  that  many  genera,  which 
are  only  discovered  in  a  fossil  state  in  Europe,  still 
inhabit  the  seas  of  tropical  climates,  and  some  spedes 
that  were  sLi]jj)osed  to  be  entirely  extinct,  have 
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recently  been  discovered  living  in  southern  latitudes. 
More  important  discoveriea  of  this  kind  may  probably 
be  made^  as  we  know  little  respecting  the  state  cf 
animal  existence  at  the  bottom  of  the  sea,  or  what 
monsters 

The  deep  tuiliBithom*fl  caves  of  ocean  bear.** 
**  £t  qiUB  marmofeo  fert  nonstra  sub  wqwae  pontua.** 

I  am  inclined  to  believe,  that  the  ichthyosaurus,  or 
some  sjiccies  of  a  similar  genus,  is  still  existing  in  the 
present  seas.  About  sixteen  years  since,  a  large 
animal  was  seen  for  several  summers  in  the  Atlantic, 
near  tlie  coast  of  the  United  States,  and  was  called 
the  great  sea  serpent.  Its  appearance  was  frequently 
announced  in  the  public  journals,  but  the  existence 
of  the  animal  was  for  some  time  disbelieved  in  this 
country.  I  am  informed  by  Professor  Silliman  of 
Yale  College,  Connecticut,  of  whom  I  made  enquiry, 
that  many  persons  who  attested  the  existence  of  the 
sea  serpent  from  their  own  observations,  were  so 
highly  respectable^  both  for  intelligence  and  veracity, 
that  their  evidence  could  not  be  disputed. 

I  cannot  conclude  these  brief  observations  on  the 
progressive  developement  of  oiganic  life  on  our  planet, 
without  Yemarking,  that  if  man  were  recently  created, 
as  geologists  generally  maintain,  this  drcumstance 
alone  affords  strong  presumptive  evidence,  to  those 
who  admit  the  doctnne  of  final  causes,  and  of  a  pre- 
siding intelligence,  that  the  ancient  condition  of  the 
globe,  and  the  changes  then  in  operation,  were  very 
different  from  what  we  observe  at  present ;  or,  in 
other  words,  that  tlie  world  was  not  then  prepared  by 
the  Creator  for  the  residence  of  man. 
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CHAP.  XVII. 

ON  THE  LOWER  OR  MORE  ANCIENT  TERTIARY 

STRATA. 

FwmtJ&m  of  Tertiary  Strata  in  Lak«a  or  Inlaiid  Seaa. — Lakes  of 
North  Ameriea.  —  Falli  of  Niagara*  ^Altemationi  of  Marine 

and  Freshwater  Strata.  —  Arrangement  of  the  Tertiary  Strata 
in  tht!  Paris  Basin.  —  Plastic  Clay  and  London  Clay.  —  Geology 
oi  the  lower  Vale  of  the  Thames.  —  Remains  of  Crocodiles 
and  the  Nautilus  in  London  Clay.  —  Molasse  of  Alpnach  in 
Switierland,  witli  Coal  and  Teeth  of  the  Mastodon.—  Oabaire 
GrotritTf  or  Coane  Limestone  of  the  Paris  Basin,  supposed  to  be 
of  the  same  Age  as  the  London  Clay. —  Calcaire  Siliceux.'^ 
Gypsum  and  Gypseous  Marl  of  the  Paris  Basin,  containing 
Bone^  of  numerous  extinct  Species  of  Land  Quadrupeds.  — 
Remarks  on  their  Discovery  auid  Organisation  by  Baron  Cuvier. 
—  Marine  Sandstone.  MiOstone. — Upper  Fkesh-water  Forma- 
tion.  —  Fresii-water  Formation  inthelsle  of  Wight —  Its  remark* 
able  Position.  —  Mineral  Characters  of  the  Strata  of  the  London 
and  Paris  Basins  compared.  —  Fresh-water  Limestone  of  Au- 
vei^gne. 

The  tertiary  formations,  comprise  all  tlie  regular 
strata  of  limestone,  marl,  clay,  and  santLstune,  that 
have  been  deposited  afler  chalk.  It  is  only  since 
the  commencement  of  the  present  century,  that  they 
have  attracted  the  notice  of  geologists :  their  true 
nature  was  before  unknown,  or  tliey  were  supposed 
to  be  local  and  alluvial  depositions.  It  is  now  di^ 
covered  that  tertiary  formations  are  widely  spread 
over  many  parts  of  the  globe,  and  are  often  or  con- 
siderable thickness* 

The  first  circumstance  which  indicated  that  the 
tertiary  beds  were  distinct  from  the  secondary,  was 
the  discovery  fhat  many  of  these  beds  contain  the 
bones  of  the  higher  order  of  animals,  as  perfect  in 
their  oiganisatton,  as  any  of  the  existing  species  of 
land  quadrupeds*    The  tertiary  beds  were  fiirtlier 
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remarkable,  for  presenting  frequent  alternations  of 

beds  containing  the  remains  of  marine  animals,  with 
other  beds  that  contain  exclusively  the  remains  of  land 
animals,  and  plants,  and  f'resliwater  shells :  hence  the 
latter  beds  were  denominated  freshwater  formations. 
A  more  accurate  examination  of  the  secondary  strata 
has  since  discovered,  that  freshwater  formations  occur 
also  among  the  more  ancient  strata,  but  their  cha- 
racters are  not  so  distinctly  marked.    When  the  first 
edition  of  this  work  was  published,  viz.  early  in  iHiS, 
the  name  of  freshwater  formations  was  scarcely  known 
in   ICngland,  but  the  author  ventured  to  offer  an 
i'X])lanation  of  their  formation,  from  what  is  now 
taking*  place  in  extensive  lakes :  a  similar  explanation 
has  smce  been  generally  adopted.     **  The  lakes  of 
North  America  are  seas  of  fresh  water,  more  than 
1.100  miles  in  circuit;  they  are  placed  at  a  consider- 
able elevation  above  the  Atlantic,  and  at  different 
levels.    They  unite  by  small  straits  or  rivers,  which 
Tiave  a  rapid  descent    On  some  of  the  rivers  are 
prodigious  waterfalls,  which  are  continually  enlarging 
and  deepening  the  passage  from  one  to  the  oth^j 
and  will  ultimately  effect  the  drainage  of  the  upper 
lakes.   The  falls  of  Niagara  are  well  known ;  the 
water  is  divided  by  a  small  island,  which  separates 
the  river  into  two  cataracts,  one  of  which  is  600 
yards,  and  the  other  550  yards  wide:  the  height  of 
the  M  is  from  140*to  160  feet  deep.  It  is  estimated 
that  670,000  tcms  of  water  are  dashed  every  minute 
vith  inconceivable  force  against  tJie  bottom,  and 
wearing  down  the  adjacent  rocks.    Since  the  banks 
of  the  cataract  were  inhabited  by  Europeans,  they 
have  observed  that  it  is  progressively  sliortening  t lie 
distance  of  the  falls  from  Lake  Erie.    When  it  has 
worn  down  the  intervening  calcareous  rocks,  the 
upper  lake  will  become  dry  land,  and  form  an  exten- 
sive plain  or  valley,  surrounded  by  rising  ground,  and 
watered  by  a  river  or  smaller  lake,  which  will  occupy 
tlie  lowest  part.    In  this  plains  future  geolo foists  may 
trace  successive  strata  ofjreshwater  formation^  caver* 
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ing  the  subjacent  ancient  limestone.  The  gradual 
deposition  of  minute  earth/  particleSy  or  the  more 
rapid  subsidence  of  mud  from  sudden  inundations, 
will  form  distinct  beds,  in  ivhich  ivill  be  found  the 
remains  of  freshwater  fish,  vegetables,  a?id  quedru* 
peds:' --Ut  odiWon,  1813,  pp.  18^2,  183. 

In  the  Irontispiece  to  the  present  vohimc  will  be 
seen  a  bird's-eye  view,  or  map  of  the  country  round 
Niagara,  drawn  by  my  eldest  son,  who  passed  several 
days  at  the  &ll8  of  Niagara  in  1 8^.  In  this  drawing 
the  accurate  proportion  of  distance  is  disregarded,  in 
order  to  bring  the  several  oljects  into  one  point  of 
view*  The  deep  chasm  formed  by  the  cataract  is 
seen  in  front,  from  which  the  water  is  issuing  into  a 
lower  counliy  at  Lewis  Town,  nearly  on  a  level  with 
Lake  Ontario,  into  which  the  river  (tows*  Mr.  Joseph 
Henry,  in  a  topographical  sketch  of  the  state  of  New 
York,  says,  The  descent  of  the  country  from  Lake 
Erie  to  Ontario  is  principally  by  a  step,  not  at  ^e 
falls,  but  at  Lewis  Town,  several  miles  below this 
is  the  position  from  which  the  drawing  in  the  frontis- 
piece was  taken.  Mr.  H.  adds,  *'  In  viewing  the 
position  of  the  falls,  and  the  features  of  the  country 
round,  it  is  impossible  not  to  be  impressed  witli  the 
idea,  that  this  great  natural  race-way  has  been 
formed  by  the  continued  action  of  tlie  irresistible 
current  of  the  Niagara,  and  that  the  falls,  beginning 
at  Lewis  Town,  have,  in  the  course  of  ages,  worn 
back  the  rocky  strata  to  their  present  site.  Tlie 
deep  chasm  through  which  the  Niagara  passes,  below 
the  falls,  is  nearly  a  mile  wide,  with  almost  perfect 
mural  sides." — Transactions  of  the  Albany  Institute, 

In  Mr.  Loudon's  Magazine  of  Natural  History, 
March,  1830,  there  is  an  account  of  the  falls  of 
Niagara,  and  of  the  physical  structure  of  the  adjacent 
country,  by  my  son,  Robert  Bakewell,  junior.  I 
preferred  making  the  above  extract  from  Mn  Henry^s 
description,  as  it  coniirms  the  general  accuracy  of  the 
.  drawing  in  the  frontispiece.  Below  will  be  seen  a 
statement  of  the  levels  and  the  extent  of  the  North 
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rican  lakes.  *  These  lakes  mtjr  jiMtiy  be  styled 
seas  of  fresh  water.  Though  their  preeent  auriace  is 
considembly  elevated  above  the  level  of  the  ocean, 
the  bottom  of  aonie  of  the  largest  lakes  is  nmcfa  below 
the  tide  line;  and  wore  these  hkes  situated  nearer  to 
the  Atiantic»  we  mi^ht  easily  imagine  thst  after  the 
firesh  water  had  subsided  to  the  sea  lerd»  they  mij^ 
be  subject  to  frequent  irniptioDS  of  salt  water*  whidi 
would  oroduoe  a  change  in  the  nature  of  the  inhabi- 
tants or  diese  lakes ;  or,  in  other  words^  would  ooca- 
skm  sltemations  of  marine  with  firesh  water  atnts* 
without  any  change  in  the  relative  level  of  the  land 
and  sea. 

In  l^nglancl  and  France,  there  appears  to  Iiave  been 
a  considerable  iutci\  al  between  the  deposition  of  tiie 
chalk,  and  of  the  lowest  beds  of  the  secondary  strata ; 
for  the  surface  of  the  chalk  is  deeply  furrowed  and 
broken,  apparently  by  the  action  of  torrents,  or  inun- 
dations, and  the  hollows  are  filled  by  the  tertiary*  beds. 
In  some  parts  of  the  Continent,  however,  the  line  of 
8C})aration  between  the  secondary  and  tertiary  strata 
is  not  so  distinctly  marked,  and  they  are  both  elevated 
toffether  conformably. 

The  tertiary  strata  fona  the  outer  crust  of  the 
fflobCy  and  have  every  where  been  subjected  to  eroaioD 
from  torrents  and  inundatioaSy  that  have  swept  over 
parts  of  its  sm&ce,  and  transported  the  fiagments 
mto  distant  countries  or  into  the  ocean.  We  cannolt 


♦  From  Lakft  Erie  to  the  falls  of  Niagara,  the  distance  is  21 
milei.  From  the  falU  to  Lewis  Town,  at  the  mouth  of  the  chasm, 
the  diftiBce  it  7  nJlM.  From  Lewis  Town  to  Like  Ontario  tlM 
diitance  if7 
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Lake  Superior 
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Lake  Michigan 
Lake  Krie  • 
Lake  Ontnnn 

Total  quoutity  of  square  miles  covered  by  the  lakes,  72,930. 
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from  the  present  localities  of  the  upper  strata,  deter- 
mine, with  any  precision,  the  boundaries  of  the  inland 
lakes  or  seas  in  which  they  were  deposited.  Many 
of  these  strata  have  evidently  once  extended  tiir 
beyond  their  present  limits,  but  have  been  so  com- 
])lctely  destroyed,  that  we  can  only  infer  their  fonner 
existence,  by  a  few  remaining  detached  portions. 
But  could  we  ascertain  the  limits  of  the  tertiary  tiresh- 
water  strata,  we  should  be  utterly  unable  to  determine 
the  extent  and  bounds  of  the  ancient  dry  land,  from 
whence  the  lakes  collected  the  fresh  water  with  which 
they  were  filled. 

In  France,  the  tertiary  strata  are  more  widely 
apreadt  and  many  of  them  more  fiilly  developed,  than 
in  England :  it  is  indeed  scarcely  possible  to  imagine 
a  more  distinct  di^lay  of  the  series 'of  strata  in  any 
class  of  rocks,  thui  is  presented  dose  to  the  very 
gates  of  Paris.  In  a  capital  so  distinguished  for 
scientific  investigation,  ana  possessing  so  many  able 
and  acute  observers,  it  does,  indeed,  seem  extraor- 
dinary, that  the  strata  with  which  they  were  sur- 
rounded, should  never  have  been  properly  examined 
until  so  recent  a  period,  as  the  early  part  of  the 
present  century.  What  is  daily  before  our  eyes 
seldom  excites  attention,  or  is  deemed  deserving  of 
much  notice ;  but  there  was  another  cause  which  long 
prevented  the  philosophers  of  Paris  from  observing 
tlie  remarkable  objects  around  them.  Captivated 
with  the  generalisations  of  Werner,  who,  it  was  firmly 
believed,  had  unlocked  all  the  hidden  mysteries  of 
geology,  and  comprised  in  his  system  all  the  different 
formations  that  composed  the  crust  of  the  globe,  they 
saw  before  them  a  series  of  strata  which  had  no 
B^reemetkt  with  any  part  of  the  Wemerian  classifica- 
tion ;  hence  they  could  not  avoid  the  painful  persua- 
rion,  either  that  the  system  of  Werner  was  incomplete, 
or  that  they  were  unable  to  apply  it  properly.  To 
avoid  an  acknowledgment  so  little  satisfactory,  the 
geologists  of  Paris  averted  their  attention,  and  that 
of  their  pupils,  firom  nearer  olgects,  and  directed 
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llicm  to  the  mountains  of  Germany  an  J  S  w  iL^:erland. 
Had  not  another  science  (conipaiauve  aiiaiomy)  come 
to  the  aiil  of  geology,  we  might  yet  have  remained 
unacquainted  with  the  tertiary  strata  arouod  Paris. 
At  length  the  iiunibor  of  skeletons  of  5ft range  and 
unknown  animals  discovered  in  some  of  the  strata, 
forcibly  attracted  the  notice  of  that  distinguished 
naturalist,  Cuvier,  and  it  was  resolved  to  investigate 
attentively  the  geology  of  the  whole  district.  M.  A. 
Brongniart  was  associated  with  Cuvier  in  tlie  investi* 
gation»  and  1811  the  result  of  their  labours  and 
observations  was  given  in  a  work  entitled  ^ssni  sttrla 
O^ographie  MirUralogique  des  Mnvirons  de  I^aru, — 
the  most  luminous  and  interesting  expositiaii  of 
local  geology  ever  presented  to  the  world ;  and  finom 
this  period  we  may  date  the  first  accurate  Imowleclge 
of  the  tertiary  strata. 

The  fidlowing  extract  from  the  Essay  of  MM. 
Cuvier  and  Brongniart,  presents  a  general  view  of 
the  arrangement  of  the  strata  round  Paris: — 

"  The  country  in  which  the  c  apital  of  France  is 
situated,  is  perhaps  the  most  remarkable  that  iias  yet 
been  observed,  both  from  tlie  succession  of  different 
soils  of  which  it  is  formed,  and  fi  unv  the  extraordinaiy 
organic  remains  which  it  contains.  Millions  of  marine 
shi  lis,  which  alteniate  regularly  with  freshwater  shells, 
com])ose  the  principal  mass.  Bones  of  land  animals, 
of  which  the  i^encra  arc  entirely  unknown,  are  found 
in  certain  ])arts  ;  other  bones  remarkable  for  their  vast 
size,  and  of  which  some  of  similar  genera  (quelques 
cangen^res)  exist  only  in  distant  countries,  are  found 
scattered  in  the  upper  beds.  A  marked  cliaracter  of 
a  great  irruption  from  the  south-east  is  impressed  on 
the  summits  (caps\  and  in  the  direction  of  the  prin* 
cipal  hills.  In  one  word,  no  country  can  afford  more 
instruction  respecting  the  last  revolutions,  which  have 
terminated  the  formation  of  the  present  continents.** 

Though  chalk  is  the  foundation  rock  of  the  country, 
for  a  considerable  extent  round  Paris,  it  only  rises  to 
the  surface  in  a  few  situations^  being  covered  by  ter« 
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tiaiy  ^^trata.  The  total  thickness  of  the  tertiary  strata 
over  the  chalk,  as  given  in  an  ideal  section  of  the 
country,  is  nearly  five  hundred  feet.* 

Many  of  the  tertiary  beds  ia  the  Paris  basin  are  not 
found  elsewhere,  and  therefore  cannot  be  taken  as 
types  of  other  tertiary  formations;  and  the  lower 
bed,  called  the  plastic  clay,  is  but  very  imperfectly 
developed  near  Paris.  In  attempting  to  generalise  the 
tertiary  formations,  a  difficulty  presents  itself^  if  we 
are  to  class  them  by  their  zoolo^cal  characters ;  for 
some  of  the  formations,  which  contain  exdusivfsly  the 
remains  of  marine  animals  in  certain  situations,  con- 
tain in  other  situations  river  or  lake  shells,  with  wood 
and  the  bones  of  land  animals.  It  is,  therefore,  pro- 
bable, that  while  the  waters  in  one  lake  or  basin  might 
be  saline,  those  in  another  lake  might  be  i'resh ;  and 
two  contemporaneous  fbrnuitions  may  hence  contain 
very  ditlerent  organic  remains. 

The  tertiary  strata  in  England  and  in  the  north  of 
France,  may  be  arranged  under  four  divisions :  after 
describing  these,  the  more  recent  tertiary  strata,  called 
by  some  French  geologists,  Quaternary,  will  be  noticed 
in  the  following  chapter. 

*  The  following  asceqdiug  series  of  beds  in  the  Paris  basiu  was 
first  given  as  a  correet  aooouot  of  their  sueceisioii :  more  extended 
observatlone  have  proved  that  No.  or  theCalcaire  silioeui,  is  some* 
times  interstratified  with  the  Calcaire  grosner. 

1.  Plastic  Clay  and  Lower  Sand* 

2.  Calcaire  grossier. 

3.  Calcaire  siliceux  and  Sandstone. 

4.  Gypseous  Marl. 
Gypsom  uith  Bones. 
Upper  gypseous  Marl. 

5.  Sandstone  and  Sand  uithout  Shells. 
Upper  Marine  Sandstone. 
Milbtone  without  Shells. 

^  Freshwater  Limestone^  including  Marls  and  Millstone,  with 
Freshwater  ShcUa. 

7.  Alluvial  Soil)  ancient  and  modern,  including  Pebbles,  Pud- 
ding Stone,  Blask  Earth  (Jes  mames  orgiUwtM  n(rire8),  and 
Peat, 
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TEUTIARY  FORMATIONS, 

1.  Lower  Marine  Beds,     -  /  Sojne^mes  intermixed  with 

^         1    fraihwater  beds. 

a  Argillaccon.  and  Sandy  c!e-^^         ^  iertiairu  d 

posits,  IMastic  Clayi  oana>  >  figfiUet* 

London  Clay.  / 
.  -        »x  .    T      .       .  f  Cahmregroukr$  etOiieairt 
b  Lower  Manne  Limestone  >  i  gUietu»> 

«.  Lower  Frediwater  Beds,  '"'^""'"^ 

a  Marl. 

3,  Upper  Marine  Formation. 

a  Sand,  Sandstone  and  Milbtone  uithout  Sltcll^. 
b  Sandstone  uitli  SiielU. 

4.  Upper  Freshwater  Formation. 

I  Smc^rMUUtone  :      I  } With ft«hw.U» Sbelb. 

The  tertiary  strata,  supposed  to  be  more  recent, 
are  nowhere  observed  covering  the  above  Ibrmations, 
because  they  were  deposited  in  detached  seas  or 
lakes :  the  evidence  ot  tiieir  being  more  recent  than 
the  strata  in  the  Paris  and  London  basins,  rests  ou 
the  species  of  fossils  they  contain,  being  iu  a  large 
proportion  analogous  to  existing  species. 

Plastic  Clajj  and  lArndon  Clmf. — These,  with  the 
various  associutetl  l)eds  of  sand,  may  propeily  be  re- 
garded as  one  formation,  of  whicii  tlie  plastic  clay  is 
the  lowest  member^  resting  on  chalk.  Near  Paris  tiie 
plastic  day  is  a  very  thin  bed»  but  in  tlie  south  of 
France  it  acquires  a  great  degree  of  thicknesst  and 
appears  to  comprise  the  upper  argillaceous  beds,  or 
what  we  call  the  London  clay  :  it  is  remarkable  for 
the  vegetable  fossils  and  beds  of  lignite,  which  it  fre- 
quently, but  not  invariably,  contains.  In  England, 
in  the  lower  beds  of  this  formation,  there  are  found 
beds  of  impeifect  wood  coal ;  but  both  in  the  plastic 
clay  and  the  London  clay,  remains  of  marine  animals 
are  chiefly  prevalent,  though  intermixed  Mrith  some 
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freshwater  shells ;  whereas,  on  the  Continent,  beside 
the  great  quantities  of  fossil  wood  and  wood  coal 
found  in  the  same  argillaceous  beds,  there  are  nume- 
rous remains  of  freshwater  shells,  which  render  their 
title  to  be  denominated  marine  formations  more  than 
doubtful.  The  beds  of  sand  are  souietinies  of  con- 
siderable thickness.  By  many  geologists  it  is  main- 
tained that  the  beds  of  aotl  saudstone  (called  Molasie\ 
and  of  sandstone  conglomeratey  (called  Nagel Jlue^  in 
Switzerland),  belong  to  this  part  of  the  tertiary  for- 
mations. That  some  of  tliese  beds  may  be  tertiary  I 
will  not  deny ;  but  I  am  fully  convinced,  that  many 
beds  called  molasse,  in  Savo^,  are  covered  by  the  Jura 
limestone  and  oolites,  having  repeatedly  seen  them 
in  contact,  and  got  qpecimens  from  eacn  bed  at  the 
line  of  junction.* 

*  As  the  opioioBs  of  geologistB  have  been  nutolt  divided  respect- 
iDg  the  molaase,  or  soft  sandstone,  of  Switseiknd  and  Savoy,  I  shall 

here  insert  somo  observations  upon  it,  given  in  the  firat  volame  of 

my  Travels  in  tlic  'I'arciitaise. 

"  The  outer  calcareous  mountains  on  the  western  side  of  Savoy, 
all  re^  upon  an  immense  formation  of  soft  saudstone  (molo^e}, 
and  are  interstratified  with  it,  and,  so  far  fiom  this  sandstone  being 
more  recent  than  the  limestone  (as  Saussure  supposed),  it  constitutes 
a  considerable  part  of  the  bulk  of  these  mountains  that  arc  called 
calcareous.   In  the  Valley  of  les  Echelles,  the  immediate  junction  of 
the  limestone  with  the  sandstone  may  be  seen  soon  after  entering 
the  valley  from  the  archway.  This  va:>t  wall  of  liuicbtonc,  ueai  iy  one 
thousand  feet  in  thickness,  rests  upon  a  mass  of  sandstone  of  un- 
known depth :  there  is  very  little  dip  where  the  first  junction  is 
seen,  but  about  a  mile  below,  you  meet  with  the  limestone  again  in 
conjunction  with  the  sandstone,  and  thrown  into  a  vertical  position. 
The  workmen  that  I  met  with  near  tlie  moutii  of  the  jxallery  said 
they  always  found  sandstone  below  the  limestone,  and  tiiey  con- 
sidered it  as  the  lowest  bed  in  the  country  :  but  this  is  obviously  a 
mistake.  The  sandstone,  or  molasse,  on  which  the  limestone  in  this 
part  of  Savoy  reposes,  or  which  b  subordinate  to  the  1ini>  stone,  is 
composed  of  siiiiillish  grain*?  of  quartz  and  ciilorite,  pretty  equally 
mixed.    In  the  sandstone  of  les  Echelles,  which  I  pot  from  its 
junction  with  the  limestone,  Uierc  were  some  particles  of  rose 
quarts  and  mica.  It  scratched  glass  strongly  when  robbed  upon  it ; 
but  when  put  into  a  dilute  muriatic  acid,  it  effervesced  violently, 
and  became  friable  owing  to  the  soluti<Hi  of  the  calcareous  cement, 
by  whirfi  it  appears,  from  this  experimenf,  to  be  apglntlnated. 
The  molasse,  which  is  inters t rat itied  with  limestone  and  associated 

BBS 


372 


lOSSILS   IN   LONDON'  CLAY 


The  bones  of  horses,  with  the  tooth  of  an  elephant, 
have  been  found  in  a  bed  of  unctuous  clay,  resting 
on  chalk,  near  Margate;  but  as  the  clay  is  superficial* 
it  may  be  a  diluvial  formation. 

In  France,  near  d'Auteuil,  and  south  of  the  l^or- 
dogne,  according  to  Humboldt,  bones  of  vertebrated 
land  animals  are  found  in  a  formation  resting  on  chalk, 
analogous  to  the  plastic  clay.  Baron  Cuvier  says, 
however,  that  he  has  not  discovered  the  bones  of  land 
quadrupeds  in  any  strata  below  the  calcaire  grdssier 
which  covers  the  plastic  clay.  But  neither  the  plastic 
day  nor  the  gypsum  beds  of  Paris,  can  be  taken  as 
types  of  the  tertiary  strata  in  other  countries. 

The  London  day  is  placed  over  the  plastic  day 
and  sand,  and  is,  in  &ct,  an  upper  member  of  the 
great  arenaceous  and  argillaceous  formation  that 
covers  chalk.  Some  geologists  attempt  to  identify 
the  London  day  with  the  beds  of  calcaire  grossier, 
and  of  gypsum,  in  the  Paris  basin,  but  tlieir  mineral 
characters  are  most  essentially  different.  By  attempt- 
ing to  fbrcc  an  agreement  witii  artificial  classifications, 
where  it  does  not  exist,  we  mystify  what  is  clear  and 
simple,  and  retard  the  progress  of  knowledge. 

The  uppermost  bed  of"  tlie  London  clay  is  of  a 
reddish  brown  colour,  and  is  more  arenaceous  than 
the  lower  beds :  the  colour  of  the  lower  beds  varies 
from  a  bluish  lead  colour,  to  a  blackish  brown ;  they 

with  coal  on  the  lake  of  Aunocy,  also  ctfcrvcsced  ;  but,  the  particles 
l>eing  smaller,  it  appeared  Dearly  homogeneous  when  esamined 
without  a  h  IIS.  It  has  been  recently  stated,  that  tiie  molasse  of 
the  Alps  belongs  to  tlie  same  formation,  as  the  sandstone  above 
chalk  near  Paris.  There  may  bo  sandstone  of  that  foniiation  in  the 
canton  ot"  Benif  :  but  the  molasse  or  sandstoiK'  in  tliis  part  of 
Savoy,  I  am  well  cunviuced,  is  a  member  of  formations  that  are 
lower  than  chalk.  It  is  possiUe*  however,  that  beds  of  this  molasse 
may  have  been  worn  down  daring  the  great  destruction  of  the  strata, 
that  has  evidently  taken  place  since  they  were  dqKMited,  and  from 
the  debris  of  this  sandstone,  upper  beds  may  have  been  formed 
covering  strata  that  are  above  chalk.  The  molasse  which  eovi  i-s 
the  bones  and  teeth  of  the  mastodon  and  other  large  mammalia, 
near  Alpnach,  nearly  resembles  that  in  this  part  of  Savoy ;  but  the 
particles  are  smaller,  and  more  intimately  mixed."  p.- 
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THE  VAL£  OF  THAMES*  3J3 

are  often  considerably  indurated,  and  have  somewhat 
of  a  slaty  structure.  The  thickness  of  the  London 
day  varies  from  one  hundred  to  four  hundred  feet  or 
more:  tliis  variable  thickness  is  occasioned  by  the 
upper  bcd^,  which  form  the  surface  of  the  Jand  in  the 
Vale  of  Thamesy  having  been  more  excavated  in  some 
parts  than  in  others. 

As  the  London  day  and  plastic  clay  and  sand, 
taken  together,  equal  or  exceed  in  thickness  the  beds 
of  plastic  clay,  calcaire  grossier,  and  gypsum  in  the 
Paris  basin,  the  London  clay  may  j)roperly  be  re- 
garded not  as  identical  with  the  calcaire  grossier  and 
gypsum,  but  as  their  geological  equivalent.  M'liile 
the  beds  of  limestone  mid  gypsum  were  depositing  in 
tlie  Paris  basin,  the  London  clay  might  be  deposited 
in  the  London  basin;  and  this  may  explain  why 
many  species  of  marine  siiells  in  the  London  clay,  are 
similar  to  those  found  in  the  calcaire  grossier  ;  but  we 
nowhere  discover  tlie  astonishing  variety  of  species 
that  occur  in  some  of  the  strata  of  the  calcaire  grossier ; 
nor  have  any  bones  of  land  quadrupeds^  similar  to 
those  in  the  Paris  basin,  been  found  in  the  London 
day.  The  two  sides  of  the  trough  or  basin  in  which 
the  London  day  and  plastic  day  were  deposited,  are 
formed  on  the  north,  by  the  range  of  chalk  hills  in 
Hertfordshire,  and  the  adjacent  counties^  and  on  the 
south  by  the  range  of  chalk  hills  in  Surrey  and  Kent. 
'  The  relative  geolo<^lcal  position  of  the  chalk,  the 
plastic  clay  and  sand  immediately  upon  it,  and  tlie 
ui)per  beds  of  London  day  covering  the  Vale  of 
Thames,  is  represented  in  a  small  section  at  the 
bottom  of  the  ma})  of  England.  (Plate  VI.)  In 
some  parts  of  the  Vale  of  Thames,  as  at  Hampstead, 
north  of  London,  and  near  Cobham,  in  Surrey,  the 
London  clay  rises  into  iiills  three  hundred  feet  above 
the  Vale  of  Thames,  and  is  capj)ed  by  a  bed  of  sand, 
which  has  received  the  name  of  the  upper  marine 
sand,  a,  a,  clialk,  b^b,  plastic  clay,  c,c,  London  clay, 
</,  dy  marine  sand,  l-'roin  this  small  section  tlie  geolo- 
gical student  may  ibrm  some  idea  of  the  devastating 
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• 

effects  of  niiiility  iimiKlations,  which  liave  swept  over 
the  surface  of  the  globe,  and  carried  away  consider- 
able portions  of  the  upper  beds*  The  marine  sand, 
dj  d,  which  forms  isolated  caps  on  several  of  the  hilk 
in  the  Vale  of  Thames,  was  probably  part  of  one  con- 
tinuous bed,  which  has  been  excavated  with  a  portion 
of  the  subjacent  London  clay  i  such  exca\  ations  and 
denudations  are  common  ptenomena  in  almost  every 
country. 

Balls  of  imperfect  ironstone^  called  septaria  (of 
which  Parker^s  cement  is  made),  are  common  in  some 
parts  of  the  London  day ;  branches  and  stems  of 

trees,  penetrated  by  the  Teredo  namlis,  are  found  in 
it,  and  a  species  of  resin,  to  which  the  name  of  reliri' 
asphaltum  was  given  by  Mr.  liatchett.  Remains  of 
turtles  have  been  dug  out  of  this  clay  at  Ilighgate  and 
Ishngton.  Some  bones  of  a  crocodile  were  discovered 
by  Mr.  Parkinson,  who  considers  this  as  a  solitary 
instance  of  the  occurrence  of  the  remains  of  these 
animals  in  the  London  clay.  In  1830,  the  head  of  a 
crocodile  was  found  by  f2.  Spencer,  Esq.  of  Ilighgate, 
in  the  London  clay  in  the  Lsle  of  Sheppey,  of  which 
the  annexed  cuts  give  a  correct  representation.*  The 


first  is  an  outline,  being  a  side  view  of  the  upper  jaw 
and  teeth.  The  second  represents  a  front  view  of  the 


•  This  head  is  given  in  Buckland's  B.T.,  PL  25,  but  by  mistake 
is  called  original,  haviog  before  appeared  in  tbe  fourth  edition  of 
this  work. 


uiyiLi^ed  by 
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head,  with  the  two  small  cavities  for  the  lobes  of  the 
brain,  and  the  larger  cavities  tor  the  orbits  of  the  eyes. 
The  Icnotli  of  the  head,  wlieii  entire  and  clothed 
with  scales  and  muscles,  must  have  been  about  one 
foot  i  lience  we  may  infer,  tliat  tlie  entire  length  of 


the  animal  was  about  six  feet  Whether  this  was  the 
head  of  a  young  animal,  or  of  an  adult  of  a  small 
species,  cannot,  perhaps,  be  determined.  J*rom  the 
rare  occurrence  of  the  bones  of  saurian  animals  in  the 
tertiary  strata,  we  may  infer  that  these  animals  whose 
remains  are  so  abundant,  and  of  such  large  magnitude, 
in  the  secondary  strata,  had  nearly  disappeared  in 
northern  latitudes,  at  the  epoch  when  tlie  tertiary 
•  strata  were  deposited. 

The  teeth  and  tusks  ol'  elephants  have  been  dis- 
covered in  many  situations,  in  what  is  supposed  to 
have  been  London  clay,  but  which  may  have  been  a 
covering  of  diluvial  clay ;  for  the  patches  of  diluvial 
gravel  tliat  are  spread  over  many  parts  of  the  Vale  of 
Thames^  frequently  contain  the  remains  of  elephants.* 

*  In  clearing  away  the  bed  of  gravel  on  the  north  side  of  the 
Regents  Park,  the  tusks  of  elephants  were  found,  but  in  a 
mooldering  state,  in  1818. 
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AmmoDites  and  belemnites,  and  many  genera  of  tes- 
taceous animals,  that  have  left  their  remains  in  chaik 
and  the  lower  strata,  appear  to  have  been  e&tinct 
before  the  deposition  of  the  London  day.  Nautilites 
are,  however,  found  in  it,  similar  to  the  species  inha- 
biting  the  Indian  Ocean,  and  bivalve  and  univalve 
shells  are  so  numerous,  that  it  would  be  difficult  to 
select  any  particular  species,  as  peculiarly  characteristic 
of  this  formation.  The  shells  mostly  belong  to  genera 
inhabiting  our  present  seas  j  jet  sliglit  variations  of 
form  may  be  |x^rceived,  which  have  induced  natu- 
ralists to  regard  them  as  distinct  from  living  species. 

Tlie  springs  that  rise  in  the  London  clay  are 
generally  impregnated  witli  sulphate  of  iron  and 
sulphate  of  lime,  and  some  of  tlie  springs  contain 
sulphate  of  magnesia  ;  the  quality  of  the  water,  how- 
ever, varies  much  in  different  situations,  and  at  differ- 
ent depths.  To  obtain  soft  water,  it  is  necessary  to 
bore  or  sink  through  the  London  clay  to  the  sand 
above  the  chalk,  and  sometimes  into  the  chalk  itself.* 
The  London  clay  and  the  under  beds  have  been  per- 
forated to  the  depth  of  three  or  four  hundred  feet  in 
some  situationsy  bdbre  ^Dod  water  could  be  obtained ; 
li'hen  the  stratum  is  pierced  which  holds  the  best 
water,  it  rises  almost  immediately»  and  sometimes 
overflows  the  surfiice.  This  admits  of  an  easy 
explanation,  by  rrferring  to  the  section  of  the 
Vale  of  Thames.   (Plate  VI.)    The  water  which 

«  At  the  village  of  Wilsden,  three  miles  north-west  of  London,  . 
the  boring  for  water  was  made  two  hundred  and  eighty  feet  into 
Uie  clay,  and  seventy-five  feet  below  it  into  the  chalk,  wlien  the 
water  immediately  rose  to  within  thirty-five  feet  of  tlie  surfaoeb 
Chalk  rocks,  and  other  calcareous  rocks  in  which  the  strata  are 
divided  by  fissures  that  are  not  filled  with  clay,  alvrays  contain 
water  in  the  fissures  M-hen  the  strata  dip  under  the  surfaee  of  tlie 
ground,  or  when  they  are  covered  by  argillaceous  beds.  This  is  also 
the  case  with  coal  strata ;  and  the  presence  of  water  is  necessary  to 
keep  the  coal  in  good  condition,  u  the  water  be  entirely  drained 
Irom  a  bed  of  coal  a  considerable  time  before  it  is  worked,  the 
quality  of  the  coal  is  much  deteriorated.  This  may  be  occasioned 
by  air  penetrating  the  fis8iire>»  aod  promoting  the  deoompositioaof 
pyrites  io  the  coal. 
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enters  the  edges  of  the  porous  strata,  say  at  .r,  .r, 
(lescends  to  the  lowest  part  of  the  trough  or  basin, 
and  when  perforated,  would  rise  to  near  the  level  of 
.r,  X,  were  the  strata  deposited  in  a  circular  basin,  the 
edges  of  which  rose  on  each  side  from  the  bottom  of 
the  Vale  of  Thames  ;  but  the  strata  are  deposited  in 
a  longitudinal  basin  or  trough,  between  the  chalk  hiUs 
of  Hertfordshire  and  Surreyt  and  the  river  Thames 
cuts  through  the  porous  edges  of  the  strata  below 
Greenwich,  so  that  the  water  being  there  let  out, 
can  seldom  rise  m  wells,  much  above  the  high-water 
mark.  Were  it  not  for  this,  we  might  have  natural 
jeU  ^eau  of  considerable  height  and  magnitude  in  all 
the  squares  of  London,  to  cool  and  refresh  die  air 
during  the  summer  months,  and  supply  the  inha* 
bitants  in  the  vicinity  with  salubrious  water.  In  order 
to  preserve  the  water  pure,  that  is  obtained  from 
chalk  or  the  sand  over  chalk,  it  is  necessary  to  line  the 
inside  of  the  wells,  or  to  put  down  tubes,  to  prevent 
the  water  from  the  London  clay,  intermixhig  with  the 
pure  water  from  below. 

As  the  plastic  clay  and  London  clay  contain  wood 
coal  or  lignite,  which  is  supposed  to  be  characteristic 
of  these  beds,  probably  the  strata  with  wood  coal  at 
Alpnach  (see  Chap.  VllL),  may  be  regarded  as 
belonging  to  a  similar  epoch.  Some  French  geolo- 
gists would  place  these  strata  still  higher  in  the 
tertiary  series.  The  strata  at  Alpnach  are  peculiarly 
remarkable  for  containing  the  remains  of  the  narrow* 
tootiied  mastodon,  and  of  other  mammalia,  at  the 
deptli  of  nearly  three  hundred  feet  from  the  surfiice. 
The  annexed  cut  is  taken  from  a  drawing  of  one  of 
tlicse  teeth  in  the  possession  of  the  late  Professor 
Meisner,  of  Berne,  who  also  gave  me  specimens  of 
the  strata  below  wMch  the  tooth  was  found. 

It  is  deserving  notice,  that  teeth  almost  exactly 
nmilar,  were  found  on  the  volcano  of  Imbaburra  in 
the  Andes,  which  is  ten  thousand  feet  above  the 
level  of  the  sea.  I  have  one  tooth  in  my  posses- 
sion from  thence,  purchased  at  the  sale  of  tiie  late 
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M.  Faiijas  de  St.  Fond,  of  which  tlie  annexed  cut  may 
also  serve  as  a  correct  representation. 


Tlie  strata  at  Alpnach  consist  of  the  following  beds, 
in  a  descending  series : — 

Feet  Inches. 

1.  Light  grey  sandstone       -       -    24  0 

2.  Light  grey  limestone  hke  Jura  ].  24,  q 

limestone    -  -  -J 

3.  Different  beds  of  Molasse  or 
soft  sandstone 

4. 


}  227  0 

u  Light    grey    sandstone    with  I    g  q 
mica,  like  No.  1.       -       -  J 


1 

7 


G 
0 


5,  Light  grey  argillaceous  lime-1 
stone         -  -  -J 

C).  Bituminous  shale  in  layers 

7.  Stinkstone,  a  bituminous  lime- 1 

stone  with  bones  and  river  y  1  to  2  feet, 
shells,  the  roof  of  the  coal  J 

8.  Coal  -  -  -  0  6  In. 
i).  Bitumhious  schist        •        -       0    G  to  8 
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Feet  Inehei. 

10.  Coal      ...  .go 

11.  Bituminous  clay  -  -  6  O 
1^  Molasae  and  sandstone         •     06  0 

• 

The  bituminous  strata,  and  shaly  limestone,  pos- 
sessed all  the  characters  of  beds  in  the  regular  coal 
formations  in  England  :  probably  the  fetid  quality  of 
the  limestone  No.  7-  was  derived  from  the  abundance 
of  animal  matter  which  it  might  contain.  No.  2.  is 
subcrystallincy  and  bears  a  near  resemblance  to  moun- 
tain limestone  in  its  mineral  characters. 

Above  the  London  clay  there  is  no  calcareous 
formation,  except  in  the  Isle  of  Wight ;  but  in  the 
Paris  basin  there  are  two,  of  which  the  lowest  is 
called  cahaire  grassier, 

Le  cakaire  grassier^  or  coarse  limestone  of  Paris, 
is  deposited  upon  the  plastic  day,  as  the  latter  is 
upon  the  subjacent  chalk :  between  the  })lastic  day, 
however,  and  the  cakaire  grossier,  there  is  a  bed  of 
sand ;  but  geologists  are  not  determined,  to  whicii  of 
the  two  formations  it  belongs.  The  calcaire  grassier 
differs  in  its  quality  in  the  tlifierent  beds,  but  it  may 
be  described  generally  as  a  yellowish  earthy  limestone, 
which  bears  some  resemblance  to  Portland  stone,  in 
its  fracture,  texture,  and  colour  ;  but  it  is  not  oolitic. 
The  strata  of  limestone,  alternate  with  argillaceous 
marl  and  shale,  and  with  calcareous  marl. 

The  lowest  bed  of  calcaire  grossier  is  sotl,  and 
much  intermixed  with  green  ])articles  and  sand ; 
it  contains  a  great  number  of  the  fossils  called  num- 
mulites,  on  account  of  their  being  flat  and  round, 
and  resembling  in  shape  a  small  coin.  The  shells 
in  this  bed  are  in  high  preservation.  In  the  beds 
immediatdy  above,  called  the  middle  beds,  there  are 
a  prodigious  number  of  marine  shells,  and  also  the 
stems  and  impressions  of  leaves  of  plants  that  are  not 
marine.  In  the  lowest  and  middle  beds  of  the  caL 
caire  grassier^  no  less  than  six  hundred  difierent 
species  of  shells  are  found. 

In'  the  upper  part  of  the  calcaire  grossier,  the 


fcnria  art  «i?rer^  ?'eet  thict  and  yield  a  hard  coarse- 
prjiire^  2.:iZ  d^i^»'e  ::rr>est»Mie :  it  is  &pm  these 
sinra.  thai  the  best  boiMio^-stooe  is  procured.  It 
if  cfhen  v^sr^  f  Hed  witib  sImIIs  of  tlie  geniis  ceru 
titjum^  mud  hm  heoot  htm  snif  tlim  ii  called  cakmre 
m  crriieg, 

Betveeo  the  stnti  of  tioiHing«8tope^  there  often 
occur  thin  «tmm  of  iial  or  chert;  in  some  parts 
thev  sDiceoos  stnta  enbfge  into  thick  heds  of  chert 
(siier  comf\  or  into  beds  of  smdstone  containing 
nuuine  shells;  in  the  beds  of  this  sandstone,  at 
Pierrelaie,  fresh-witer  shdb  have  been  discovered, 
iriixcd  numerous  marine   shells.     The  total 

thickness  oi'ilio  beds  of  calcuire  grossier,  near  Tar  is, 
is  al>!>iit  ninety  teet, 

N  >  beti>  ot  limestone  resembling  the  calcairc  s^ros- 
su  r  of  Paris,  are  found  in  the  tertiary  stratii  of 
En^^land.  Tiie  calcaire  ^rossier  in  the  departments 
of  l.a  Dordogne  and  La  Gironde,  and  other  parts 
of  France,  presents  a  considerable  difference  from 
that  in  the  Paris  basin.  In  Hungary,  extensive 
Strata  of  the  calcaire  grassier  have  been  described 
by  M.  Beudant ;  they  are  in  every  respect  analogous 
to  the  strata  in  the  Paris  basin,  both  in  their  mineral 
and  zoological  characters.  The  lower  beds  also  are 
intermixed  with  sbelljr  sand  and  green  particleSy 
which  bear  a  close  resemblance  to  the  shelly  depo- 
sitions in  the  plain  of  Lombardy.  M.  Humboldt 
thinks  he  discovered  a  formation  similar  to  the  cal- 
caire grassier  in  some  parts  of  South  America. 

Calcaire  siUceux  is  composed  of  limestone^  some- 
times grey  and  compact*  and  sometimes  tender  and 
white :  it  is  penetrated  bv  salex  in  every  direction, 
and  in  all  its  parts.  Accordinff  to  the  earl^  opinion  of 
M.  hrongniart,  the  colcaire  smeeus  occupies  the  place 
of  the  calcaire  irrossier^  where  tlie  latter  is  wanting  ; 
others  regtnd  it  as  an  upper  formation.  Some  of  tiie 
bcils  ot  liio  ctilcairc  siliccuj'  furniM'i  niiI]->toiic^,  and 
cv>nt;un  ri\or  >hells.  In  tins  beii,  the  siliciate  of 
4n4^uc>ia  was  discovexeJ  by  M.  Bioiigiuart.  The- 
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siliceous  infiltrations  sometimes  form  plates  of  chal- 
ccilony,  and  niammillated  concretions  of  chalcedonic 
chert,  coloured  red,  violet,  and  brown. 

Gf/pseoiLs  Marl  and  Gi/psinn. — This  remarkable 
formation  occurs  in  detached  hills  along  the  course 
of  the  rivers  Marne  and  the  Seine;  it  is  supposed  to 
have  originally  extended  as  one  conthmous  bed  liom 
east  to  west,  twenty-five  leagues  in  length,  and  eight 
in  breadth :  iu  greatest  thickness  is  about  two  hiu»- 
dred  feet. 

The  gypsum  formation  consists  of  alternating  beds 
of  gv^psum  and  aigillaceous  and  calcareous  marl^ 
which  are  regularly  arranged,  and  preserve  the  same 
order  of  succession  wherever  they  have  been  exa- 
mined. The  gypsum  forms  three  distinct  masses^. 
The  lowest  consists  of  thin  strata  of  gypsum»  contain^ 
ing  crystals  of  selenite,  which  alternate  with  strata 
orsolia  calcareous  marl,  and  with  argillaceous  shale. 
The  middle  is  like  the  lowest  mass,  except  that  the 
strata  of  gypsum  are  thicker,  and  the  beds  of  marl 
are  not  so  numerous  :  it  is  chiefly  in  this  mass  that 
fossil  fish  are  found.  The  uppermost  mass  is  the 
most  remarkable  and  important  of  all  :  it  is  in 
some  parts  more  than  seventy  feet  thick ;  there  are 
but  few  beds  of  marl  in  it ;  the  lower  strata  of  gyp- 
sum in  this  mass  have  a  columnar  structure :  the 
gypsum  is  pure,  and  finely  granular  ;  it  has  a  light 
yellowish  brown  colour,  which  might  perhaps  more 
properly  be  called  a  dirty  white*  In  this  upper  mass 
of  gypsum»  the  skeletons  and  scattered  bones  of  birds 
andunknown  quadrupeds  are  discovered :  sometimes 
they  are  found  in  the  solid  gypsum,  and  sometimes  in 
the  marl  that  separates  the  beds.  Remains  of  turtles* 
and  crocodiles  have  also  been  found  in  the  same 
strata.  It  is  to  the  inde&tigable  and  enlightened 
*  labours  of  Baron  Cuvier  that  we  are  indebtra  for  a 
knowledge  of  the  difierent  genera  of  remariudble  land 
quadrupeds,  belonging  to  a  former  world,  found  in 
tne  gypsum  quarries ;  they  differ  from  any  genera  of 
living  animals.    These  land  quadr  upeds  were  herbi- 
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vorous ;  llioy  helonp^  to  the  order  which  Cuvier  has 
denominated  Pachj/dennatay  or  thick-skinned  non- 
ruminant  animals.  One  of  the  genera,  called  Palwo- 
tlierium  (or  ancient  animal),  aj)[)cars  to  bear  some 
relation  to  the  rhinoceros,  the  hippopotamus,  and 
the  horse»  and*  in  some  respects,  to  the  pig  and  the 
camel. 

Of  this  genus  tliere  are  eleven  or  twelve  species; 
five  of  them  have  been  found  in  the  Paris  gypsum. 
The  largest  was  the  size  of  a  horse,  but  its  form 
was  heavy,  and  its  legs  thick  and  short ;  its  grinders 
resemble  those  of  the  rhinoceros  and  the  daman it 
had  six  incisive  and  two  canine  teeth,  like  the  tapir, 
and,  like  that  animal,  had  a  short  fleshy  trunk :  it 
had  three  toes  on  each  fbot»  and  is  suppcned  to  have 
inhabited  marshy  ground,  and  to  have  lived  on  the 
roots  and  stems  of  succulent  marsh  plants.  One  of 
the  species,  however,  possessed  the  size  and  the  light 
figure  of  the  antelope,  and  is  supposed  to  have 
browsed  on  aromatic  plants,  or  the  buds  of  young 
trees,  in  dry  situations,  like  other  light  herbivorous 
animals.  Probably,  says  Cuvier,  it  was  a  timid  ani- 
mal, with  large  movable  ears,  like  those  of  the  deer, 
which  could  apprise  it  ot"  tlie  least  danger:  doubtless 
its  skin  was  covered  with  short  hair  ;  and  we  onl^ 
want  to  know  its  colour,  in  order  to  })aint  it  as  it 
formerly  lived  in  the  country  where,  alter  so  many 
ages,  its  bones  have  been  dug  up. 

One  species  of  the  paloBotkerium  was  not  larger 
than  a  hare. 

The  Anoplotheriumy  or  animal  without  defensive 
teeth,  has  only  been  found  in  the  gypsum  quarries 
near  Paris.t  It  has  two  very  distinctive  characters : 
the  feet  liave  only  two  toes,  which  are  separated  the 
whole  length  of  the  fix>t;  the  teeth,  of  which  there 

*  Ad  African  qvadruped,  the  tise  of  a  rabbit,  but  doaely  le- 
sembling  the  rhinoceroa. 

•J-  The  skeletons  and  restored  forma  of  the  paloeotherium  and 
anoplotherium,  taken  from  Cuvier,  are  rqfyresented  PL  2  &  3,  VoL  2, 
Bucklaod's  B.T. 
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are  six  incisive  in  each  jaw,  a  canine  tooth  of  the 
same  height,  and  six  molares  or  grinders,  all  form  a 
continued  series  without  any  interval,  which  is  the 
case  with  no  other  known  quadruped.  The  most 
oommon  species  is  of  the  height  of  a  boar,  but  much 
longer*  There  arc  remains  of  other  animals,  in  the 
same  quarries,  allied  to  the  anoplotherium,  but  which 
differ  in  tlie  form  of  their  teeth.  The  bones  of  six 
^ledes  of  birds  liave  been  discovered  in  these  quar- 
neSf  and  also  the  remains  of  a  few  carnivorous  ani- 
mals, allied  to  the  dog  and  the  weaseL  It  is  remark- 
aUe».  that  in  the  middle  of  the  gypsum  formation, 
and  throughout  the  greater  part  or  it»  we  find  the 
remains  of  land  aninwls  and  of  fresh-water  fish  and 
shells ;  but  near  its  upper  and  lower  limits,  both  in 
the  gypsum  and  the  gypseous  marl,  the  fossils  arc 
those  of  marine  animals.  A  bed  of  green  mar), 
wliich  may  be  very  distinctly  traced  near  the  termi- 
nation of  the  upper  mass  of  gypsum,  separates  the 
fresh-water  from  tlie  sea  shells,  and  in  the  lower 
part  of  the  gypsum  formation,  marine  shells  are  found 
in  tiie  gypsum  itself. 

It  may  be  useful  to  those  strangers  who  visit  Mont- 
martre  for  the  first  time,  to  state,  that  this  thin  green 
bed,  which  can  be  distinctly  seen  and  traced,  may 
serve  them  as  a  key  to  the  geology  of  the  place,  as 
it  separates  all  the  lower  marine  and  fresh-water 
formations  from  the  upper. 

Tlie  gypsum  of  the  raris  basin  was  probably  depo- 
sited in  an  extensive  lake,  on  tlie  borders  oi  which 
the  land  animals,  whose  remains  are  discovered  in  it, 
flourished  and  ])eri8hed.  Some  of  them  appear  to  be 
formed  for  swimming,  or  living  much  in  the  water, 
like  die  otter  or  water-rat.  Whether  the  water  in 
this  lake  was  salt  or  fresh,  is  by  no  means  certain ; 
though  M.  Brongniart  thinks  that  a- single  fresh-water 
shell  found  in  the  gypsum  would  decide  the  ques- 
tion :  but  this  opinion,  however  high  the  authority 
of  so  distinguished  a  naturalist  and  geologist  may  be. 
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cannot,  I  conceive,  be  maintained ;  for  in  some  of 
the  beds  we  meet  with  a  mixture  of  marine  and  fresh- 
water sliells,  —  and,  in  tliis  ca.se,  who  sliall  determine 
whether  sucli  beds  are  of  marine  or  fresh-water 
orij^in  ?  The  intennixture  of  shells  clearly  shows, 
that  they  have  been  transported  from  their  native 
situations,  or  that  marine  and  fresh- water  mollusca 
may  live  in  the  same  estuary  or  lake,  if  the  water  be 
brackish,  w  hicli  is  coniirmed  by  recent  obaervatioDS 
and  experiments. 

The  fossil  bones  found  in  the  gypsum  quarries  near 
Paris  are  light  and  porousi  and  appear  to  have  been 
scarcely  penetrated  by  gvpsum :  this  is  very  remark- 
able ;  for  if  we  suppose  tne  gypsum  to  have  been  held 
in  solution  by  water,  like  the  sulphate  of  lime  in 
recent  springs,  it  seems  extraorduiary  that  it  should 
not  have  penetrated  into  the  pores  of  the  bones.  I 
am  not  aware  that  the  circumstance  has  before  been 
noticed  by  geologists,  but  I  thmk  the  state  of  the 
bones  proves,  that  they  were  rapidly  enveloped  by 
the  gypsum,  before  the  animal  matter  in  the  pofes 
was  tlecomposed ;  and  also,  that  the  gypsum  was 
speedily  consolidated.  The  same  observation  would 
apply  to  the  bones  of  land  animals  I  found  in  the 
fresh-water  limestone  under  the  volcanic  mountain  of 
Gergovia,  in  Auvergne  ;  the  state  of  these  bones  was 
similar  to  those  in  the  Paris  gypsum. 

Baron  Cuvier  was  the  first  naturalist  wlio  success- 
fully applied  the  knowledge  of  comparative  anatomy 
.  to  ascertain  the  forms  of  vertebrated  fossil  animals. 
The  publication  iiis  Recherches  mr  ks  Osmnens 
Fossiles  may  be  regarded  as  an  epoch  in  geokgj^s 
smce  that  time,  many  other  important  discoveries 
respecting  fossil  quadrupeds  have  been  made.  It  will 
no4  therefore,  be  deemed  irrelevant  to  our  subject, 
to  insert  the  very  interesting  account  he  has  given  of 
his  own  feelings,  wh^  he  fint  became  aUe  to  arrange 
the  bones  of  each  genus  and  spedes  of  unknown 
animals  found  in  the  gypsum  quarries  near  Paris:  — 
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*•  When  the  sight  of  some  bones  of  the  bear  and  the 
elepluuit,  twelve  years  ago,  inspired  me  with  tlie  idea 
of  applying  the  general  laws  of  comparative  anatomy 
to  the  reconstruction  and  the  discovery  of  fossil  spe- 
cieSj— when  I  began  to  perceive  that  these  species 
were  not  perfectly  represented  by  those  of  our  day, 
which  resembled  them  the  most, —  I  did  not  suspect 
that  I  was  every  day  treading  upon  a  soil,  filled  with 
renuuns  more  extraordinary  than  any  that  I  had  yet 
seen ;  nor  that  I  was  destined  to  bring  to  light  whcle 
genera  of  animals  unknown  to  the  present  world,  and 
buried  for  incalculable  aees*  at  vast  depths  under 
the  earth.  It  was  to  M.  Yeurin  that  I  owe  the  first 
indications  of  these  bones  furnished  by  our  quarries : 
some  fragments  which  he  brought  me  one  day,  having 
struck  me  with  astonishment,  I  made  enquiries  respect- 
ing the  persons  to  whom  this  industrious  collector 
Iiad  sent  any  formerly:  what  I  saw  in  these  collec- 
tions served  to  excite  my  hopes  and  increase  my 
curiosity.  Causing  search  to  be  made  at  that  time 
for  such  bones  in  all  the  quarries,  and  offering  re- 
wards to  arouse  the  attention  of  the  vvorkmeu,  I 
collected  a  greater  number  than  any  person  who  had 
preceded  me.  After  some  years  I  was  sufficiently 
rich  in  materials  to  have  nothing  further  to  desire ; 
but  it  was  otherwise  with  respect  to  their  arrangement 
.  and  the  construction  of  the  skeletons,  which  alone 
could  conduct  me  to  a  just  knowledge  of  the  spedies. 
From  the  first  moment,  I  perceived  that  there  were 
many  different  spedes  in  our  quarries ;  and  soon  after- 
wards, that  they  belonged  to  various  genera,  and  that 
the  qpecies  of  uie  difi^nt  genera  were  often  of  the 
same  size ;  so  that  the  size  done  rather  confused  than 
assisted  my  arrangement  I  was  in  the  situation  of  a 
man  who  had  given  to  him,  pele  7nele,  the  mutilated 
and  incomplete  tragments  of  a  hundred  skeletons, 
belonging  to  twenty  sorts  of  animals,  and  it  was  re- 
quired that  each  bone  should  be  joined  to  that  which 
it  belonged  to.    It  was  a  resurrection  in  miniature 

c  c 


DISCOVERIES  OF  CUVIEB« 


but  the  iminutable  laws  prescribed  to  living  beings 
were  my  directors.*  At  the  voice  of  comparative 
anatomy,  each  bone,  each  fiaguKiit,  regained  its 
place.  I  have  no  expressions  to  describe  the  pleasure 
experienced,  in  perceiving  that  as  I  discovered  one 
character,  all  the  consequences  more  or  less  foreseen 
of  tliis  character,  were  successively  developed.  Tiie 
feet  were  conformable  to  what  the  teeth  had  an- 
nounced, and  the  teeth  to  the  feet ;  the  bones  of  the 
legs  and  tiic  thighs,  and  every  thing  tliat  ought  to 
reunite  these  two  extreme  parts,  were  conformable  to 
each  other.  In  one  word»  each  of  the  species  sprung 
up  irom  one  of  its  elements.  Those  who  will  have 
the  patience  to  follow  me  in  these  memoirs^  may  form 
some  idea  of  the  sensations  which  I  experienoed»  to 
thus  restoring  by  degrees  these  andent  monuments 
of  mighty  revolutions.  This  volume  will  afford  much 
interest  to  naturalists,  independent  of  geology,  show* 
ing  them,  by  multiplied  examples,  the  strictness  of 
the  laws  of  co-existence,  whicii  elevate  zoology  to 
the  rank  of  the  rational  sciences,  and  which,  leading 
us  to  abandon  the  \aiii  and  arbitrarv  combinations 
that  had  been  decorated  w  ith  the  name  of  si/s(e?ns, 
will  conduct  us  at  last  to  tiie  only  study  wortiiy  ot* 

*  In  the  following  passage  Cuvier  has  more  fully  explained  what 
he  denominates  "the  iminutable  laws  prescribed  to  living  beings:** 

— "  Every  organisc<l  being  forms  a  whole  and  entire  system,  of 
M  hicli  all  the  parts  mutually  correspond  and  co-operate,  to  produce 
the  same  definite  action,  by  a  reciprocal  re-action :  none  of  tliese 
parts  can  change,  without  a  change  of  the  otherti  al;io.  Thus,  if 
the  intestines  of  an  animal  are  or^nised  in  anutnner  only  to  digest 
fimh  flesh,  it  is  necessary  that  his  jaws  should  be  constructed  t» 
devour  the  prey,  his  claws  to  seize  and  tear  it,  his  teeth  to  divide 
the  flesh,  and  the  whole  system  of  Lis  organs  of  motion  to  follow 
and  overtake  it,  and  of  Ins  organs  of  sense,  to  perceive  it  at  a 
distance.  It  is  jiecessary,  also,  that  be  should  have  seated  in  his 
brain,  the  Instiiict  to  hide  himself  and  spread  snares  for  his  Tldhn. 
Snch  are  the  general  eonditions  of  a  carnivorous  xegimen :  evefy 
carnivorous  animal  must  infallibly  unite  them;  without  then^  the 
species  could  not  subsist:  but,  under  those  general  conditions, 
there  are  particular  ones  with  rospoct  to  the  size  of  the  sjiecies,  and 
the  abode  of  the  prey,  for  w  hich  each  animal  is  disposeiU  ' 
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our  age  —  to  that  of  the  natural  and  necessary  rela- 
tions, which  connect  together  the  different  parts 
of  all  organised  bodies.  But  geology  will  lose  no- 
thing by  this  accessary  a])plication  of  the  facts 
contained  in  this  volume  :  and  thus  the  numerous 
fiunilies  of  unknown  beings,  buried  in  the  most 
frequented  part  of  Einope^  ofier  a  vast  field  for 
meditation." 

Marine  Sand  and  Sandstone,— In  the  Paris  basin 
this  formation  covers  the  gypsum,  or  where  that 
is  wanting,  it  rests  on  the  calcmre  grassier.  The 
marine  sand  and  sandstone  is  divided  mto  two  beds ; 
the  lower  is  without  shells  in  situ,  though  some  broken 
fragments  occur  in  it.  This  sandstone  is  frequently 
composed  of  grains  of  transparent  pure  silex,  and 
occasionally  contains  small  scales  of  mica.  In  some 
situations  this  sandstone  is  penetrated  by  calcareous 
iutiltrations.  In  other  situations  there  are  balls  and 
masses  of  much  harder  sandstone,  which  are  used  for 
paving  stones  in  Paris,  but  they  are  not  durable.  At 
the  forest  of  Fontainebleau  in  France,  the  thickness  of 
this  sand  and  sandstone,  exceeds  one  hundred  and 
seventy  feet :  the  sundstone  occurs  in  loose  blocks 
and  irregular  masses,  and  sometimes  is  distinctly 
stratified.  In  some  parts  the  sand  is  so  pure,  that  it 
is  used  in  making  the  finest  glass ;  in  other  parts  the 
quantity  of  calcareous  earth  is  so  large,  that  it  assumes 
the  form  of  calcareous  crystals.  There  is  no  stratum 
of  this  marine  sandstone  in  Eng^d,  but  detached 
blocks  of  similar  stone,  called  grey  weathers,  are 
scattered  over  some  of  the  southern  counties,  and 
some  of  the  larse  stones  at  Stonehenge  are  of  the 
same  kind.  Soum  of  Nemours,  in  passing  from  Lyons 
to  Paris,  I  observed  masses  of  this  sandstone,  loosely 
imbedded  in  sand,  at  considerable  elevations,  and  as 
the  sand  becomes  washed  away,  these  masses  fall  out, 
and  are  scattered  over  the  lower  ground ;  in  this 
manner  the  occurrence  of  the  blocks  of  grey  weathers 
may  be  accounted  tor :  they  are  tlie  remains  of  a 
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formation  of  upper  saDdstoue»  wliich  has  disappeared 
in  England. 

The  Upper  Marine  Sand  and  Sandstone  contains 
numerous  marine  shells  :  it  has  frequentlv  a  reddish 
colour;  it  is  a  thin  bed,  compared  with  the  s:ind>tone 
without  shells,  and  is  not  of  general  occurrence. 
It  may  be  studied  at  Montmartre.  Whether  any 
analogous  beds  have  been  found  in  England,  is  not 
well  ascertained^  but  the  beds  of  saodat  Bagshot 
Heathy  and  in  other  situatioiM  resting  on  London 
dayy  have  been  generally  classed  with  the  upper 
marine  sandstone  of  the  Paris  bann.  The  fi^shot 
sands  consist,  according  to  Mr«  Waiburton»  of  odieroos 
sand,  foliated  green  day,  with  green  sand,  and  Yarions 
coloured  marls ;  a  few  marine  sheUs  have  been  fiNind 
in  this  8and« 

The  marine  sand  and  sandstone  is  in  some  parts 

covered  with  a  bed  of  argillaceous  and  ferruginous 
marl,  from  three  to  fourteen  feet  in  thickness,  in 
which  arc  imbedtled  irregular  layers  of  compact  silex 
or  hornstone,  full  of  pores  and  cavities,  which  give 
it  a  cf)rroded  and  cellular  appearance.  It  is  tliis 
asperity  of  surface,  that  renders  this  stone  pecuJiarly 
fitted  for  mill-stones.  The  substance  of  mill-stone, 
when  unmixed,  is  j)ure  silex  ;  it  has  generally  a  red- 
dish or  yellowish  colour,  but  that  of  the  best  quality  is 
nearly  white.  All  the  best  mill-stones  used  in  Eng- 
land nre  brought  tirom  this  bed,  and  are  known  by  the 
name  of  Burrh  stones.  There  are  no  shdk  or  organic 
remains  in  this  bed. 

Upper  Freshwater  FormaHon. — This  ferraation, 
though  extensively  spread  over  many  parts  of  die 
Continent,  is  scarcely  known  in  Enghmd ;  it  occurs 
in  the  Isle  of  Wight  In  the  Ptaris  basm  it  covers 
the  other  tertiary  strata,  and  is  itself  covered  with 
vegetable  soil.  The  upper  freshwater  formation  is  so 
called,  because  all  the  shells  it  contains  are  analogous 
to  freshwater  shells  :  it  consists  principally  of  calca- 
reous earth,  and  siliceous  earth,  sometimes  separated, 
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and  sometimes  intermixed.  Calcareous  eartli,  in  the 
state  of  pure  limestone,  is  the  most  cominou :  large 
masses  of  freshwater  silex  are  more  rare.  The  silex 
occurs  sometimes  as  a  pure  translucent  fiint,  and  is 
sometimes  opaque,  with  a  resinous  fracture;  lOliie* 
•times  it  approaches  to  the  state  of  jasper*  and  some* 
times  it  has  all  the  characters  of  mill-stone. 

Freshwater  limestone,  in  the  vicinity  of  Paris,  has 
generally  a  greyish  white,  or  a  yellowish  colour  ;  it  is 
sometimes  as  tender  as  chalk,  and  sometimes  hard  and 
compact,  with  a  fine  grain  and  conchoidal  fiacture : 
in  the  latter  state  it  is  brittley  and  breaks  into  sharp- 
edged  fragments  like  flint  Some  of  this  limestone, 
at  a  distance  (torn  Paris,  particularly  that  of  Chlkteau 
Landon,  presents  the  character  of  a  transition  marble, 
and  will  receive  a  fine  polish.  Several  of  the  hasins 
Vfith  jets  d'eau,  in  the  gardens  of  the  Tuillerie^;,  are 
made  of  this  marble.  Many  of  the  harder  fresiiwater 
limef^tones,  however,  rapidly  disintegrate  on  exposure 
to  air  and  moisture,  and  fall  to  the  state  of  marl, 
and  are  used  as  manure.  Tiiis  formation  is  cliarac- 
terised  by  containing  exclusively  fresiiwater  and  land 
shells,  similar  to  what  are  found  in  the  neigh  houring 
marshes  ;  they  belong  to  a  small  number  of  genera 
or  species,  being  chiefly  lymnites,  planorbes,  tur- 
binated shells,  (allied  to  ceriihea,)  cyclostoma,  and 
helices. 

Having  described  the  tertiary  strata  round  Paris 
and  London,  I  shall  proceed  to  the  tertiary  strata 
in  the  Isle  of  Wight,  which  contain  many  beds  that 
are  wanting  in  the  London  strata.  The  formations  of 
Che  north  A  France  and  of  England,  do  not,  as  it  was 
once  imaguied,  compose  the  whole  of  the  tertiary 
deposits,  but  only  the  lower  and  middle  parts. 
'  A  brief  account  of  the  tertiary  formations  in  other 
countries,  will  be  subsequently  given. 

For  the  first  accurate  account  of  the  tertiary  strata 
in  England,  we  arc  indebted  to  Mr.  Webster,  who 
published,  in  vol.  ii.  of  the  Transactions  of  the 
Geological  i:)ociety  of  London,  a  description  of  these 
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strata  in  the  Isle  of  Wight,  and  their  connexion 
with  the  subjacent  chalk.  The  chalk  covered  by 
the  London  clay,  passes  under  the  channel,  called 
the  Solent,  and  rises  in  the  middle  of  the  island, 
forming  a  range  of  hills  which  extends  from  Culver 
Cli£&  on  the  east,  to  the  Needles  on  the  west.  Here, 
we  meet  with  a  remarkable  derangement  of  the  beds 
of  chalk,  and  of  the  superior  strata ;  part  the  strata 
of  this  range  of  hills  are  thrown  into  a  position  nearly 
vertical,  from  the  western  to  the  eastern  side  of  the 
island,  evincing  the  action  of  a  mighty  disturbing 
force — a  force  which  can  be  so  often  observed  to  have 
broken  or  u]^heaved  the  secondaiy  and  tertiaiy  strata, 
in  the  vicini^  of  the  Alps.  Evidence  of  the  same 
dislocation  of  the  strata,  extends  from  the  Isle  of 
Wight  into  Dorsetshire. 

The  whole  thickness  of  the  beds  at  Alum  Bay,  in 
the  Isle  of  Wight,  which  are  nearly  vertical,  accord- 
ing to  Mr.  Webster's  measurement,  is  not  less  than 
three  thousand  feet,  comprising  fourteen  hundred  and 
eighty-one  feet  of  strata  above  the  chalk,  about  nine 
hundred  and  eighty-seven  feet  of  cliaJk,  and  five  or 
six  liundred  feet  of  lower  stmta.  Farther  soutii, 
the  strata  under  chalk  are  seen  in  their  orimnal  hori- 
zontal  position  ;  and  on  the  northern  side,  there  are 
hills  composed  of  horizontal  strata  of  freshwater  lime- 
stone. Tliat  the  vertical  strata  were  originally  hori- 
zontal, may  be  inferred  from  their  generalfy  occurring 
in  that  position  in  the  southern  counties,  and  is  ren- 
dered certain  from  the  following  circumstance  described 
by  Mr.  W  ebster.  In  one  oi  the  vertical  beds  con* 
sisting  of  loose  sand,  are  several  Ia3rer8  of  ffintSy 
extending  from  the  bottom  to  the  top  of  the  dUT* 

These  flints  have  been  rounded  by  attrition,  are 
from  an  inch  to  eight  inches  in  diameter,  and  appear 
to  have  belonged  to  the  chalk.  Now  it  is  incon- 
ceivable that  these  flints  could  have  been  originally 
deposited  in  their  present  position  :  they  distinctly 
voint  out  the  Ibrnier  horizontal  diivction  oi  this  series. 

There  are  no  ^igns  of  partial  disturbance  in  these  beds  j 
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the  whole  appears  tlierefbre  to  have  been  moved 
together." 

Closely  adjoining  tPie  vertical  strata,  occur  a  series  of 
horizontal  strata,  which  are  distinctly  visible  in  a  hilJ, 
called  Headon  : — these  stratxi  consist  of  an  alternating 
series  of  freshwater  and  marine  deposits,  bearing  a 
•  striking  similarity  in  their  fossil  contents,  to  the  fresh- 
water strata  in  the  vicinity  of  Paris.  According  to 
Mr.  Webster,  they  consist  of  tiie  following  depositions^ 
in  a  descending  series. 

1.  A  calcareous  stratum,  containing  only  fresh- 
water shells. —  Upper Jreshwater, 
3.  Greenish  marl  with   marine  shells.  —  Upper 
marine,* 

3.  Mar]  with  freshwater  shells. —  Lower  fregli' 

water. 

4.  Dark  blue  clay  without  shells. — Lower  marine. 

Thus  we  have  over  chalk  four  distinct  formations. 
No.  "i.  A  lower  marine  Ibrmation,  which  includes 
the  London  clay.  No.  .'3.  A  lower  fi  esli water  form- 
ation. The  strata  of  this  fbrmatiun  consist  of  sandy, 
calcareous,  and  argillaceous  marl ;  some  of  them 
appear  to  be  tbrmed  almost  wholly  of  the  fragments 
of  freshwater  shells,  without  any  mixture  whatever  of 
marine  shells.  **  From  the  quantity  of  these  shells, 
and  the  regularity  and  extent  of  tlie  strata,  we  are 
coui{)el]ed"  says  Mr.  Webster,  to  admit,  that  the 
spot  wiiere  tfaiey  now  are,  was  once  occupied  by 
fresh  water,  in  which  these  animals  existed  in  a 
living  state.*'  Over  tliis  freshwater  occurs  an  upper 
stratum,  No.  which  contains  a  vast  number  of 
fossil  shells,  whoUy  marine.  Again,  over  this  marine 
formation,  in  tlie  same  hill,  is  a  calcareous  stratum, 

•  This  bed  is  now  suppopcd  to  Imvo  boon  deposited  during  a 
temjiornry  irruption  otthe  sea,  and  is  not  of  sufficient  importance  to 
Uividu  the  t'resii water  limt^stoue  of  llcadoo  bill  into  two  formations* 
Siioh  inleipQtitioM  of  marine  atrata,  am  frequent  in  aome  parts  of 
the  freshwater  formations  of  the  Parb  basin.  But  whether  we  * 
ai-range  the  strata  at  Headon  into  one  or  two  freshwater  formations, 
it  no  war  detracts  fVomtbe  correctness  or  value  of  Mr.  Webster's 
original  obscr\  aiious. 
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No.  1,  fifty-five  feet  in  thickness,  every  part  of  which 
contains  ii  cshwater  shells  in  great  abundance,  without 
any  admixture  of  marine  exuviae.  Many  of  the  shells 
are  in  liigh  preservation,  and  the  animals  must 
formerly  have  lived  in  the  very  spots  where  they 
now  are,  the  shells  being  so  fragile,  that  they  could 
not  have  been  removed  from  their  original  situation 
without  breaking.  Part  of  the  stone  of  this  form- 
ation is  very  hard  and  compact,  and  has  long  been 
extensively  used  for  building-stone.  This  stratum 
appears  to  have  extended  over  the  whole  of  the 
northern  part  of  the  Isle  of  Wight,  but  it  has  not 
yet  been  discovered  in  any  other  situation  on  this 
side  of  the  water :  it  may  be  constdored  as  the  latest 
formation  of  rock  we  are  acquainted  with  in  England* 
and  agrees  in  many  of  its  mineralogical  characterB, 
and  the  fossils  it  contains,  with  the  fireshwater  lime- 
stone, calcairi  ^eau  douee^  in  the  vicinity  of  Paris ; 
they  are  difierent  from  any  other  known  rock.*' 

Nowhere  have  there  been  discovered,  in  the  series  of 
freshwater  strata  in  England,  any  traces  of  the  remark- 
able beds  of  gypsum  containing  bones  of  unknown 
genera,  and  species  of  quadrupeds,  similar  to  the 
gjqisum  of  Montniartre.  A  few  bones  of  an  anoplo- 
tlierium  and  of  a  paleotherium  have,  however,  been 
found  in  the  freshwater  limestone  at  Binstead,  on  the 
eastern  side  of  the  Isle  of  Wight. 

Dr.  Buckland  has  pointed  out  many  localities  west 
of  the  hmits  of  the  London  clay,  where  patches  of  the 
lower  beds  occur.  These  patches  indicate,  tliat  what 
is  called  the  London  basin,  and  the  basin  of  the  Isle 
of  Wight,  were  once  continuous,  and  that  their  conti- 
nuity was  broken  by  the  upheaving  of  the  chalk, 
which,  in  several  parts,  had  litled  up  the  portions  of 
tertiary  strata  that  still  remain, 

Bagskot  Sand. — It  has  before  bem  stated,  that  the 
beds  m  loose  sand  that  cap  the  London  day  at  Bag- 
shot,  and  in  other  parts  of  the  Vale  of  Thames,  have 
been  supposed  to  represent  the  upper  marine  sand 
and  saiufstone  of  the  Paris  basui  j  but  for  this  opinion 
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there  appears  to  be  no  very  satisfactory  foundation. 
The  sand  on  the  top  of  Hanipstead  Heath,  is  similar 
to  that  of  Bagsliot,  but  it  contains  irrecrnlar  layers  of 
fiint  pebbles,  and,  in  some  parts,  a  bed  of  large  rounded 
flints  is  interposed  between  the  London  clay  and 
the  sand.  The  beds  of  sand  in  Norfolk,  called  crag^ 
i^ipear  to  be  the  most  recent  of  the  English  tertiary 
strata,  and  will  be  noticed  in  the  following  chapter. 

On  comparing  the  tertiary  strata  of  die  London 
and  the  Paris  bashssy  we  smill  find  a  very  marked 
difiereace  in  the  mineral  composition  of  the  beds. 
The  strata  of  the  London  basin,  excluding  those  of 
the  Ide  of  Wight,  are  at!  marine  sedimentary  depo- 
sitions, formed  originally  of  mud  and  sand.  The 
strata  of  the  Paris  basin,  beside  the  marine  and  fresh- 
water limestones,  comprise  beds  of  considerable  thick- 
ness, which  have  evidently  been  formed  by  chemical 
solutions;  such  are  the  thick  beds  of  sulphate  of  lime 
that  have  probably  been 'formed  by  powerful  eruptions 
of  water,  containing  sulphuric  acid,  which  has 
dissolved  a  portion  of  the  calcareous  beds,  and 
buried  the  remains  of  animals  in  depositions  of 
gypsum.  Tiie  balls  and  concretioTis  of  Iiard  earthy 
sulphate  of  strontian,  so  abundant  in  the  green  marls 
over  the  gypsum  beds,  are  truly  remarkable ;  stron- 
tian, either  combined  with  carbonic  or  sulphuric  acid, 
being,  so  extremely  rare  in  transition  and  secondary 
fornmtions.  The  siliceous  depositions  of  translucent 
flint,  and  of  millstone^  both  in  the  freshwater  and 
murine  ftrmations,  are  chemical  formations,  and  the 
grains  of  silex,  which  compose  the  sandstone  at 
IVrntaineUeau,  and  in  other  parts  of  the  Paris  basin, 
are  so  pure,  crystalline,  and  nree  from  admixture  with 
other  minerals,  that  they  have,  with  some  probability, 
been  described  as  of  chemical  origin,  or  as  granular 
depositions  from  siliceous  solutions.  The  beds  in  the 
London  basin  contain  the  remains  of  marine  animals, 
and  are  therefore  regarded  as  having  been  deposited 
in  the  sea,  but  they  contain  also  fossil  wood,  pene- 
trated by  the  teredo,  and  the  renuins  of  a  few  fresh- 
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water  animals  ;  hence  it  is  evident  that  there  was  dry 
land  in  the  vicinity.  In  the  Paris  basin,  the  fresh- 
water formations  are  of  such  vast  extent  and  thickness, 
that  they  must  liase  been  deposited  in  a  lake  or 
estuary  of  nearly  one  hundred  miles  in  lencrth,  and 
thirty  miles  in  breadth,  but  we  can  trace  no  indications 
of  the  boundaries  of  the  vast  island  or  continent, 
from  which  the  freshwater  flowed,  at  ditierent periods» 
to  fill  a  lake  of  such  magnitude. 

The  freshwater  limestone  of  Auvergne,  is  supposed 
to  be  of  the  same  epoch  as  the  freshwater  formationg  in 
the  Fans  basin,  but  the  limestone  of  Anvetgpe  is  un- 
mixed with  marine  strata  ;  it  rests  upon  granite,  and  is 
covered  with  volcanic  beds»  so  that  the  geological  posi- 
tion bears  no  analogy  to  that  of  the  Paris  basin.  The 
shells  it  contains  are  those  chi^v  of  lymmtes  and  the 
planorbis;  species  which  are  round  recent  in  our 
present  lakes  and  ponds.  When  I  examined  this 
limestone  earl;^  in  182^,  I  found  bones  of  mammalia, 
imbedded  in  it,  j)resenting  the  same  appearance  as 
the  bones  in  the  gypsum  at  Muntinartre.  At  tliat 
time  1  beheve  the  occuiTencc  of  such  bones  was 
unknown  to  the  geologists  at  Paris.  Tlie  bones  liave 
since  been  ascertained  to  belong  to  similar  species  as 
Uiose  in  the  Paris  ba^in  ;  hence  it  is  interred,  that  the 
two  formations  were  nearly  cotemporaneous.  The 
limestone  under  Mount  Geri^ovia  near  Clermont, 
which  contained  the  remains  of  mammalia,  was  exca- 
vated tor  agricultural  and  other  uses;  it  resembled 
the  darker  beds  of  soft  English  chalk»  and  was  regu^ 
krly  stratified. 

The  extent  and  boundaries  of  the  tertiary  form- 
ations in  England,  are  represented  in  the  Map^  Ft. 
by  the  parts  coloured  dark  brown,  within  the  lines 
M'O-o ;  but  if  the  strata  of  the  London  basin  and 
the  Isle  of  Wight  were  once  continuous,  the  teitiary 
formations  have  covered  a  neat  part  of  what  is  now 
the  south-eastern  division  of  England. 
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ON  THE  UPPER  OR  MORE  RECENT  TERTIARY 

STRATA. 


The  Methods  for  dcterniining  the  relative  Age  of  Formations  ex- 
plained, and  their  Value  examined. — Evidence  from  Position. 
— Evidence  firom  Oiganio  RemaiiM.-- System  of  M.  Deshayes 
founded  on  Fossil  Shelb^-^Unoertainty  attending  the  Evidenee 
from  Orgaoio  Remains.— Arbitrary  Classifications  of  Naturalists. 
—  Supposed  Limits  to  the  Transmutation  of  Species  of  Mollus- 
cous Animals  cxauiincd. —  System  of  M.  EHe  do  Beaumont, — 
Geological  Age  of  Paieothoeria— of  Mastodons— of  Elephants. — 
Eeeent  Ter&iy  Strata  of  the  Basin  of  the  Loire.—  Of  the 
.fub-Apennine  Ranges. — Of  the  Freshwater  Formations  in  the 
Apcnnine  Valleys.—  Remarkable  Intermixture  of  the  Skeletons 
of  Whales,  Elephants,  &c.  at  Castello  Arquata  explained  by 
what  has  taken  place  in  England. —  Fresiiwater  Limestone  of 
CEningen  — Sand^  Depositions  of  Norfolk  and  Suffolk  called 
Crag. — Observations  on  the  Tertiary  Formations  compared  with 
the  Secondary. 


After  the  discovery  of  the  true  cliaractcr  of  the 
tertiary  strata  of  the  Taris  basin,  and  of  England,  it 
was  ibv  some  time  believed,  that  the  former  was  a 
complete  representation  of  the  whole  tertiary  form- 
atioQS  in  every  country,  and  that  the  strata- of  the 
London  hasin,  and  of  the  Isle  of  Wight,  represented 
a  portion  of  the  strata  of  the  Paris  basin.  It  is  now, 
however,  ascertained,  that  in  the  central  and  sonthera 
parts  of  France^  and  in  many  other  countries,  there 
are  extensive  tertiary  formations,  very  different  from 
those  in  the  Paris  bamn. 

These  strata  are,  with  much  probability,  believed 
to  have  been  deposited  in  detached  lakes  or  estuai  ies, 
at  a  subsequent  period  to  that  in  wliich  tlie  Paris 
basin  was  hiid  dry. 

It  also  a])pears  probable,  that  these  newer  tertiary 
strata  are  ol*  difi'ercnt  ages  j  and  tliat  some  of  them 
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approach  in  their  characters  to  the  depositions  at 
})resent  forming  on  the  shores  of  the  ocean,  or  in  tlie 
deltas  of  great  rivers,  or  in  freshwater  lakes. 

The  relative  antiquity  of  these  recent  tertiary  form- 
ations, is  a  subject  of  high  geological  interest,  as  it  is 
connt'ctctl  with  the  history  of  the  latest  revolutions  of 
the  globe,  and  the  catastrophes  that  liave  destroyed 
the  ancient  races  of  its  inhabitauts. 

But  how  are  the  relative  ages  of  the  strata  in 
different  tertiary  basins  to  be  ascertained  ?  The 
relative  ages  of  two  groups  or  formations  of  strata, 
or  of  two  strata  in  distant  parts  of  the  same  series, 
may  be  determined  by  two  methods:  one  founded 
upon  the  evidence  of  position,  the  other  upon  that  of 
organic  remains.  As  the  comparative  value  of  these 
two  kinds  of  evidence,  and  tneir  relations  to  each 
other,  has  nowhere,  that  I  know  of,  been  briefly  and 
clearly  stated,  for  the  bepefit  of  the  geological  student, 
I  trust  I  shall  be  excused  for  attempting  to  give  a 
simple  ami  laniiliar  explanation  of  each  method.  The 
evidence  from  the  su|)erposition  of  strata,  or  what  the 
French  call  frisenient,  is  based  upon  a  scH-evident 
truth.  In  all  stratirted  rocks  that  have  been  formed 
or  deposited  by  water,  the  lowest  stratum  is  the  most 
ancient ;  or,  in  other  words,  every  stratum  is  older 
than  the  stratum  that  covers  it ;  unless  by  some 
violent  dislocation,  the  strata  have  been  overturned,  or 
removed  firom  their  original  position.  What  is  true 
with  respect  to  two  strata,  may  be  applied  to  two 
series  of  strata,  that  occur  under  each  other :  tlms,  we 
arc  certiiin  that  the  red  sandstone  and  mari  under  the 
lias  beds,  are  more  aneient  than  the  latter ;  and  as 
botli  formations  preserve  the  same  character  over  a 
g^eat  extent,  whenever  we  meet  with  them  in  other 
situations,  where  the  superposition  is  not  apparent, 
we  may  safely  conclude,  that  the  red  sandstone  is 
more  ancient  than  the  lias,  and  occurs  under  it. 

We  cannot,  however,  apply  the  same  evidence  to 
two  groups  of  strata  formed  in  detached  lakes  or 
basins.    Let  us  suppose   tliat  two  ancient  lakes, 
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situated  at  a  considerable  distance,  haul  become  dry 
in  remote  ages,  ami  that  a  stratum  of  calcareous  marl 
were  found  in  wiiat  liad  been  tiie  ancient  bed  of  each 
lake ;  it  would  be  evidently  impossible,  from  these 
data,  to  determine  which  stratum  was  tiie  most  recent, 
or  whether  their  ages  were  coeval.  Let  usy  for  the 
better  distinction  of  the  stratum  of  calcareous  marl  in 
each  sitiiation»  call  the  one  stratum  A,  the  other  B. 


Suppose  a  geologist,  who  had  seen  the  marl  beds  in 

these  different  situations,  were  to  discover  two  similar 
beds,  1  aiul  ^2  in  a  neighbourint;  cliff,  separated  by 
sand  or  sandstone,  he  would  have  no  doubt  that  the 
lower  bed  '2  was  more  ancient  than  the  bed  1  ;  but 
this  alone  would  not  enable  him  to  determine,  which 
of  the  two  distant  strata,  A  and  B,  were  the  most 
ancient  If  on  attentively  examining  the  beds  1,  2, 
in  the  cliff,  he  discovered  one  species  of  shells  in  the 
bed  1,  and  a  different  species  in  the  bed  2,  and  after- 
wards found  that  the  shells  in  the  bed  A  were  similar 
to  tliose  in  the  stratum  No.  1  of  the  ciiiO^  and  that  the 
shells  in  the  bed  B  were  similar  to  those  in  stratum  ^ 
he  would  have  strong  presumptive  evidence,  that  the 
bed  B  was  more  ancient  than  the  bed  A*  Tiiis 
evidence  fiom  organic  remains,  or  wlut  is  called 
Paleontology,  becomes  more  satis&ctoipr,  in  propor- 
tion to  the  number  of  instances  in  whidi  it  is  sup- 
ported by  the  evidence  from  position. 

In  the  above  examine  of  the  strata  of  calcareous 
marl  in  the  two  ancient  lake  beds,  the  evidence  of 
their  relative  ages  derives  all  its  value  iioni  the 
original  evidence  ol'  ])osition  aHbrded  by  the  marl  beds 
1  and  2  in  Uie  ciiii*.    The  evidence  from  organic 
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remains  alone,  must  ever  be  attended  with  uncer- 
tainty, unless  originally  confirmed  by  the  evidence 
from  superposition.  Animals  whose  remains  are 
deposited  in  distant  basins,  may  be  of  different  species; 
but  this  does  not  prove  that  they  did  not  live  at  the 
same  ))i'i  io(l,  as  we  find  in  the  present  day  different 
species  inhabiting  the  ocean  in  difibrent  latitudes;  ditier- 
enceof  temperature  in  the  waters  ai  dilierent  lakes  in 
the  same  latitude,  might  occasion  a  great  chan^  id  the 
character  of  the  inhabitants.  The  constdeiatuniy  that 
the  value  of  the  evidence  from  organic  remains, 
was  originally  derived  irom  the  efidence  of  poaitioii* 
and  must  ever  remain  more  or  less  dependent  opon 
it,  appears  to  have  escaped  the  attention  of  many 
geologists,  exclusively  attached  to  the  study  of  zoolo- 
gical characters.  Among  our  ingenious  neighboufi^ 
the  French,  perhaps  too  ready  to  form  generalisatioiis 
from  a  limited  number  of  facts,  the  value  of  the  effc 
dence  to  be  derived  from  tiie  study  of  fossil  concho- 
logy  is  greatly  overrated,  when  they  would  make  it 
independent  of  position  or  gisemenL  Could  the 
most  scientific  eonchologist  or  naturalist  have  disco- 
vered from  the  organic  remains  in  the  ^\'ealden  beds, 
whether  they  were  deposited  betbre  or  after  the 
green  siuui?  Certainly  not.  He  might  have  ascer- 
tained that  they  were  fresli water,  and  not  marine 
beds  \  but  this  would  not  have  assisted  him  in  dis- 
covering their  relative  age.  Fortunately  we  have 
here  the  evidence  of  super])osition  ;  for  the  green 
sand  lies  over  the  upper  Wealden  beds,  and»  tbere- 
fore>  is  a  later  deposition.  When  the  different  periods 
of  time  shall  be  known,  in  which  different  species  of 
animals  first  a])peared  in  different  latitudes,  tneOy  and 
not  till  then,  can  we  predicate  with  certainty  resped^ 
ing  the  rdative  age  of  strata,  from  their  organic 
remains  alone.  ^  t 

I  shall  now  proceed  to  state  the  rules  attempted  to 
be  established  tor  determining  the  relative  ages  of  the 
tertiary  strata  by  organic  remains. 
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M-  Deshayes  considers  that  the  relative  ages  of 
different  groups  of  strata  or  formations  may  be  deter- 
mined by  their  zoological  characters  alone  ;  that  is, 
by  the  species  of  sliells  they  contiiin.  He  ibnns  two 
grand  divisions  of  stratified  formations : — 

1*  Those  which  contam  no  species  of  shells  aa»> 
logous  to  existing  species.* 

This  division  is  stated  to  comprise  all  the  secondary 
strata. 

Strata  which  contain  a  greater  or  lesser  number 
of  s])ecies  analogous  to  existing  species. 

The  last  division  comprises  all  the  tertiary  forma- 
tions. Again  he  subdivides  this  division  into  three 
groups,  according  to  the  greater  or  lesser  proportion 
of  species  of  sh^s  that  they  each  contain,  analogous 
to  living  species. 

In  the  more  ancient  group  he  places  the  tertiary 
formations  of  the  Paris  basin,  the  London  basin,  the 
Isle  of  Wight,  and  of  a  part  of  Belgium,  a  small  part 
of  the  (jironde,  and  the  tertiary  strata  of  the  Vicentin. 

In  the  tertiary  strata  of  this  group,  nearly  fourteen 
hundred  species  of  shells  have  been  found,  of  which 
thirty-eight  species  are  analogous  to  existing  species, 
or  about  three  in  every  hundred.  Only  tbrty-two  of 
these  species  appear  in  the  upper  tertiary,  and  none 
of  the  fourteen  hundred  species  found  in  this  group, 
have  any  analogy  with  those  found  in  the  secondary 
strata,  not  even  in  the  most  recent  or  chalk  formation. 

The  second  or  middle  group  comprises  the  marls 
of  Touraine,  and  other  jNtrts  of  the  Loire^  a  great 
part  of  the  basin  of  the  Gironde,  of  Dax,  of  Austria, 
Hungary,  and  Poland,  and  a  small  portion  of  the  sub- 
Apennine  hills^  in  the  environs  of  Turin.  Geologists 
and  naturalists  had  before  only  admitted  one  group  of 
tertiary  strata  in  Austria  and  Italy. 

Of  nine  hundred  species  of  fossil  shells  found 
in  this  group,  and  compared  by  M.  Deshayes,  one 

*  By  espice  analoffue  M.  Deshayes  nieaos  identical  specie*. 
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hundred  and  sixty  are  analogous  to  living  speciei?, 
or  eighteen  in  every  hundred,  and  one  hundred  and 
thirty  species  have  continued  to  live,  during  the 
formatioii  of  the  upper  or  more  recent  group. 

The  upper  group  comprises  the  sub-Apennine 
hills»  the  tertiary  strata  of  Siciiyy  those  of  the  Morea, 
the  small  basin  of  Perpignaii»  and  the  small  basins 
bordering  the  Mediterranean*  In  this  group  M.  Des- 
hayes  is  inclined  to  place  the  Norfolk  crag,  at  leist 
until  its  characters  shall  be  better  known. 

M.  Deshayes  has  recognised  seven  hundred  species 
in  the  upper  group,  of  which  riie  greater  half  are 
analogous  to  living  species.  Tiiirteen  species  alone, 
M.  Deshayes  observes,  have  yet  been  found  common 
in  all  tlie  three  tertiary  gioups,  and  have  resisted  the 
destructive  causes,  that  have  successfully  modified 
the  organization  of  submarine  animals.  The  living 
species,  analogous  to  the  fossil  shells  in  the  more 
ancient  and  middle  groups,  are  chiefly  inhabitants  of 
tropical  climates,  whereas  the  greater  number  of 
species  found  in  the  most  recent  group,  are  analogous 
to  those  now  living  in  European  seas. 

The  results  of  M.  Deshayes*  researches,  if  fully 
confirmed,  would  establish  the  following  rules  m 
determining  the  relative  ages  of  strata : 

1.  That  in  proportion  to  the  gieater  number  of 
fossil  species  in  strata  analogous  to  living 
species,  such  strata  may  be  determined  to  be 
more  recent* 

9.  That  a  great  change  in  the  organization  of 

fossil  species,  and  in  the  proportion  of  the 

number  analogous  to  living  species,  ought  to 
be  considered  sufficient  to  constitute  diderent 
formations. 

3.  That  different  tertiary  basins,  were  not  formed 
or  filled  conlemporaneously. 

I^efore  admitting  the  conclusions  of  M.  Deshayes, 
it  will  be  right  to  jmuse,  and  consider  well  how  little 
we  know  of  tlie  inhabitants  of  the  shells  which  are 
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divided  by  conchologists  into  such  a  multitude  of 
species,  from  a  trifling  difference  of  form.  Molluscous 
animals,  liaving  no  internal  skeleton,  appear  to  possess 
great  power  of  adaptation  ;  and,  in  some  instances,  it  is 
proved,  that  they  chanp^e  the  forms  of  their  shells, 
when  placed  in  different  circumstances.  It  therefore 
seems  to  be  travelling  far  beyond  the  bounds  of  sober 
experience,  to  establish  such  sweepine^  ^generalisations, 
on  the  evidence  oi  shells  alone.  Where  other  con- 
current evidence  can  be  adduced,  either  fiom  the 
ofj^^ic  remains  of  piantSy  or  the  higher  classes  of 
animals,  the  presence  or  absence  of  certain  species  of 
shells  may  serve  conjointly,  as  distinctive  characters 
of  formations ;  we  may  fiirther  admit,  that  the  greater 
abundance  of  supposed  species  of  shdlls,  in  any  fomvu 
tion,  analogous  to  existuig  species,  implies  that  the 
conditions  under  which  the  strata  were  deposited, 
were  analogous  to  the  present  condition  of  the  globe, 
whether  all  the  shells  designated  as  different  species 
were  really  so  or  not* 

Change  of  form,  much  greater  than  what  exists  in 
the  coverings  of  many  testaceous  animals,  said  to  be 
of  different  species,  may  be  observed  to  take  place  in 
the  same  species  of  mammiferous  animals  in  different 
countries.  The  sheep  of  Africa,  oi  Asia,  and  of 
Europe,  present  great  varieties  of  form  ;  and  even  in 
Europe,  the  difference  between  one  breed  of  sheep 
and  another,  in  respect  to  form,  size,  or  bonis,  is 
much  greater  than  between  the  forms  of  many  shells 
described  as  different  species.  Let  us  suppose  the 
race  of  sliecj)  to  be  entirely  destroyed  in  some  future 
revolution  of  the  globe,  and  the  skins  and  horns  alone 
to  be  preserved  in  a  fossil  state,  witliout  any  portion 
of  the  skeleton,  or  of  the  hoofs  or  teeth.  The  future 
geologist  or  naturalist  would  have  as  much  reason 

•  A  classification  and  nomonolature  of  the  tertiary  formations, 
founded  on  the  theory  of  Dt.sliayos,  has  been  introduced  by  800)0 
English  geologi:>t8,  which  will  he  noticed  in  the  Appendix. 
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to  establish  specific  distinctions  from  the  fossil  skins, 
as  the  conchologist  has  to  establish  them  from  fossil 
shells.  The  external  covering  is  all  that  can  guide 
either  of  them  ;  for  of  the  animals  themselves  the 
conchologist  knows  nothing,  absolutely  nothing,  that 
can  serve  for  a  specific  character.  The  future  dealer 
in  fossils  might  establish  forty  species  or  more  of  the 
genus  Ovis.  Thus  he  would  have  his  Ovis  mnrimus. 
O,  jnedius,  O.  rnimmiis,  O.  lanigerens,  O.  crtjiigerens, 
O.cortiutus^  O.hicornutus,  O.quadricoryiutus,  O.lon- 
gicandatus^  0.  pinguicaudatus,  cum  muUis  aim. 
Much  ingenious  and  learned  speculation  would  doubt- 
less be  expended,  to  prove  the  epochs  in  which  each 
qpedes  fiourished»  and  to  determine  the  geological 
ages  of  the  homed  and  the  &t-tailed  sheep^ 

Few  persons  ever  made  nuire  experiments,  for  a 
long  senes  of  years,  on  the  change  of  form  and  other 
qu^ities  of  animals,  that  might  be  permanentJy  pro- 
auoedy  than  the  late  Mr.  Robert  Bakewell,  of  Disolejr 
in  Leicestershire.  I  have  heard  hun  say,  that  he 
acarcdy  knew  any  assignable  limits  beyond  whioh 
these  changes,  both  external  and  internal,  might  not 
be  carried.  I  am  fully  convinced  that  the  Author 
nature  has  established  laws  for  the  preservation  of 
distinct  classes  and  orders  of  animals ;  but  be  it  ever 
remembered,  that  these  laws  arc  not  limited  by  the 
artificial  classification  of  naturalists.  The  principle  on 
which  Mr.  Bakewell  proceeded  was  this  : — He  first 
travelled  over  England,  and  part  of  the  continent,  to 
discover  and  select  animals  of  the  same  species,  pos- 
sessing certain  peculiarities  of  form,  and  other 
qualities  which  he  was  desirous  to  render  permanent. 
By  selecting  two  animals  to  breed  from,  which  pos- 
sessed the  desired  qualities  in  an  eminent  degree,  and 
afterwards  selecting  from  their  offspring  those  in  which 
these  qualities  were  most  conspicuous,  and  breeding 
again  from  them,  the  peculiarities  were  farther 
increased.  By  continuing  the  same  selection  through 
^r  or  five  g^etations,  he  obtained  races  that  would 
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transmit  the  same  qualities  permanently  to  succeeding 
generations.* 

Naturalists  class  the  sheep  and  the  goat  as  two 
distinct  genera  of  ruminatinp^  animals,  but  according 
to  the  most  approved  test  of  sj)ccitic  differences,  they 
are  mere  varieties  of  one  species.  The  mixed  breed 
is  permanently  prolific.  Cuvier  says  of  the  sheep, 
"  lis  meritent  si  peu  d'etre  separes  generiquement 
des  chevres,  qu'ils  produisent  avec  elles  des  metis 
feoondes*" — Regne  Animal^  torn.  i.  p.  477. 
^  Some  fiatunSbts  have  maintained,  tliat  an  addi- 
tional  veitebnd  bone  was  amply  sufficient  to  establish 
a  distinct  species;  but  the  number  of  vertebra  are 
not  invariably  the  same  even  in  man.  In  some  of 
the  negro  tribes,  an  additional  vertebral  bone  is  not 
uneommon.  To  apply  what  has  been  said  to  fossil 
conchology  :-*The  molluscous  animals  that  inhabit 
and  construct  their  sheUs»  have  no  internal  skeleton, 
and  must»  therefore,  be  susceptiUe  of  greater  change, 
and  possess  greater  power  of  adaptation  to  drcum* 
stances,  than  vertebrated  animals,  in  which  the  solid 
bones  present  obstacles  to  any  essential  departure 
from  their  original  form. 

Let  us,  how  ever,  imagine  what  is  very  possible  ; 
tliat  a  number  of  individuals  of  one  species  of  bivalve 
or  univalve  shell,  were  driven,  during  a  violent  storm, 
into  a  distant  part  of  tiie  ocean,  where  tlie  animals 

•  Mr.  Bakewell,  of  Disiiiey,  was  in  a  considerable  degree  seif- 
ediicated,  but  he  poMCoacd  a  ttroog  original  mind,  vhicb  was 
enlightened  by  study  and  meditation :  he  was  also  a  man  of  great 
moral  worth,  and  was  intimately  acquainted  with  Dr.  Priestley,  Dr. 
Darwin,  and  other  eminent  philosophers  who  inhabited  the  central 
parts  of  England,  towards  the  close  of  the  last  century.  The  late 
Countess  of  Oxford  once  asked  the  author  of  the  present  work» 
.  toMlsr  h€  uMureUaed'tofht  Mr.BakeweUwka  mvetOed ^  He 
replied,  that  he  was  of  the  same  Leicestershire,  or  originally  Derby- 
shire, family,  and  that  Mr.Bakewell  the  inventor  of  sheep  said,  that 
**  he  felt  satisfaction,  not  in  having  provided  for  the  tables  o!"  the 
rich,  but  for  the  (amilies  of  the  labouring  classes,  to  whom  a  pound 
of  bb  .fat  mutton  over  «  dish  of  potatoes,  made  a  cheap  and  autri- 
tlooB  dinner.*' 
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could  no  lon«rc*r  obtain  their  accustomed  food,  but 
were  still  able  to  sup|x^rt  lite,  by  aliment  of  a  somewbat 
ditferent  kind.  Let  us  sup|>ose  that  the  annoyances 
to  which  thev  had  belore  been  subject,  from  natural 
enemies  or  other  causes,  were  chanijed  for  annoyances 
of  another  kind.  Under  these  diti'erent  circumstances, 
is  it  not  probable  that  the  animals  themselves  would 
undefgo  some  change,  and  modify  the  construction  at' 
their  shells  in  some  d^ree,  to  render  them  better 
suited  to  the  new  conditions  in  which  they  were 
placed  ?  Thus,  in  the  course  of  a  few  generations, 
we  should  have  a  race  which  oonchokgists  would  call 
a  distinct  species.* 

Where  a  series  of  tertSaiy  strata  of  great  depth  are 
exposed  to  observation,  as  in  the  case  of  the  sub- 
Apennine  strata,  we  have  the  evidence  of  poatioii, 
that  the  uppeimost  beds  are  the  roost  recent ;  and  ii^ 
in  ascending  from  the  lower  to  the  upper  jpart  of  the 
series,  we  find  the  proportion  of  die  species  increase, 
that  are  analogous  to  what  now  Kve  in  the  Medi- 
terranean, the  evidence  of  position  w^ould  support 
some  of  the  6onclusions  of  M.  Dcshayes.  The  evi- 
dence IVoni  position  forms,  however,  tne  fundamental 
basis  of  our  conclusions  re^specting  the  relative  age  of 

•  What  wu  above  atatod  h)i)otIietieal]y  in  the  ith  edition  of 

this  work,  may  now  be  assorted  as  ascertained  facts.  Dr.  Harlan, 
a  distinguished  Amrrican  naturalist,  informed  the  author,  tliat 
testaceous  molusca  removed  from  one  river  to  another  in  America 
were  observed  iu  time  to  change  the  Ibrm  o(  their  aheils.  Air.  Gray, 
in  the  PluL  Trana.  18SS,  atates,  that  great  varietiea  of  fonn  are  pro* 
duoed  in  ehella  of  the  same  spedes,  by  a  remoTal  firom  cafan  to 
agilsted  water.  The  JSueeinttm  undaium,  and  the  B.  siriahtmt 
differ  only  by  the  one  having  lived  in  calm  water,  and  the  other 
in  a  rough  sea.  He  enumerates  several  shrill  of  the  Murex, 
regarded  by  conchologists  as  distinct  species,  fiuui  their  great 
dimrence  of  fbnn,  which  in  fiust  belong  to  aninnh  of  one  and  the  • 
tame  species,  living  under  different  conditions.  It  nay  be  flurtlier 
added,  that  difference  of  age  sometimes  occasions  great  difference 
of  form  ill  shells.  Nothing  ciin  be  more  uncertain  and  fallacious 
than  the  r  vtablisbment  of  species  from  the  shell,  without  some 
knowledge  of  tfie  organiiation  of  its  inliabitant  We  might  wHh 
nbnoat  equal  eertaiaty  dewribe  the  character  of  natioM  from  the 
fonn  of  their  oMies. 
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the  sccondiiry  anil  tertiary  formations,  and  we  can 
only  proceed  safely  when  we  have  the  aid  of  tliu 
evidence. 

M.  Elie  de  Beaumont  proposes  a  division  of  the 
tertiary  strata  into  three  groups,  according  to  the 
organic  remains  of  large  mammiferous  animals  which 
they  cootain.  He  supposes  that  each  of  these  groups 
indicates  a  period  of  tranquillity  intermediate  between 
two  periods  of  change  and  convulsion,  and  that  each 
generation  of  animds  was  destroyed  by  a  different 
convukion.  His  first  period  extends  to  the  marls 
above  the  g^sum,  in  the  Paris  basin.  The  second 
to  the  Fontainebleau  sandstone,  the  upper  freshwater 
fbrmatioiit  the  calcareous  beds  at  the  mouth  of  the 
Rhine,  and  the  molasse  of  Switzerland.  The  tlurd 
period  extends  to  the  diluvium  (terrain  de  iranspari) 
of  Bresse,  to  the  beds  of  (Eningen,  the  sandstone  of 
Aix,  the  upper  marine  formation  of  MontpelHer,  and 
the  ranges  of  suh-Apennine  hills  in  Italy,  to  the 
tertiary  beds  of  Sicily,  and  to  the  Crag  of  Suffolk. 

The  first  or  lowest  group  is  characterised  by  the 
remains  of  paleotheria ;  the  second,  by  those  of*^  mas- 
todons ;  and  the  third,  by  the  remains  t)t'  clepliants. 
It  is  admitted,  however,  that  in  marine  tertiary  de- 
positions, these  periods  seem  to  pass  insensibly  into 
each  other.  In  the  marls  of  the  Loire,  and  the  cal- 
careous beds  of  Montpeiiier,  the  bones  of  tlie  paleo- 
therium  are  found  mixed  with  bones  of  the  mastodon 
and  hippopotamus ;  and  in  the  Plaisantin,  the  bones 
of  the  elephant  are  added  to  the  above.  Without 
admitting  at  present,  that  the  division  of  M.  JbL  de 
Beaumont  is  supported  by  sufficient  evidence,  (and 
the  exceptions  stated  jprove  that  it  is  not»^  yet  we 
may  still  allow,  that  there  is  a  consideiabie  degree 
of  probalHlity,  that  each  of  the  three  groups  of 
animals  flourished  most  at  the  difierent  epochs  he  ' 
has  stated,  but  hot  exclusively  of  other  cenera.  In 
England,  we  have  only  a  few  traces  of  animals  of 
the  Paleotherian  age  ;  these  occur  in  the  freshwater 
formation  at  Biiistead,  in  the  Isle  of  Wight :  and  of 
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the  second  group  we  have  only  two  doubtful  instances ; 
they  occur  in  the  Oag,  in  which  two  teeth  of  the  mas- 
todon have  been  found.  In  tlie  third,  or  elephantine 
group,  we  liave  numerous  instances  ;  for  teeth  and 
bones  of  dt  phants  have  been  found  in  the  Crag  of 
Norfolk,  :iiu!  in  clav,  marl,  or  gravel,  in  almost  every 
county  in  England.  The  instances  cited  above,  in 
the  two  lower  groups,  are  too  few  to  support  any 
hypothesis;  but  it  is  only  fair  to  admit,  that,  coa- 
jotntly  with  the  elephants  m  the  third  group,  theyaie 
confonnable  to  the  divisioDS  of  M.  £.  de  Beatunont. 

In  a  work  like  the  present,  it  would  not  be  possible 
or  desirable  to  follow  the  French  and  Gennan  geok^ 
gists,  in  their  descriptions  of  the  diflferent  basins  that 
contain  the  upper  tertiary  or  quatemaiy  strata,  sup- 
posed to  be  superior  to  any  the  teitiarjr  beds  m 
the  Fsris  basin,  or  in  England ;  but  the  most  remark* 
able  of  these  formations  may  be  noticed : — The 
Faluns,  or  marls  of  Touraine  and  the  Loire,  constitute 
an  e\un.'>i\e  formation  of  niai  1  beds,  which  are  now 
admitted  to  be  of  later  date  tliau  the  most  recent  of 
the  freshwater  beds  in  the  Paris  basin.  From  the 
soft  quality  of  the  marl,  it  might  hence  be  interred, 
that  the  beds  had  been  disturbed  or  changed  by 
iiuiudations,  or  might  be  classed  with  diluvial  beds; 
but  they  are  regular  depositions,  tbrmed  during  an 
epoch  of  tranquillity,  and  subjected  to  laws,  of  which 
the  action  is  continued  on  the  present  shores.  The 
great  mass  of  fossil  shelb  which  these  beds  contain, 
differ  from  those  of  the  Paris  basin :  in  nearly  four 
hundred  species,  there  are  only  about  twenty  identical 
with  the  Paris  fossils.  The  terrestrial  and  river  shells 
*«re  in  the  same  state  of  mineialisBtibtt  as  the  maiioe 
«hdb.  The  bones  of  the  mastodon,  rhinoGeros,  and 
hippopotemu^  are  in  the  same  state  of  pcesenntioii 
asttiose  of  whales,  and  other  cetaceous  animals,  with 

•  which  thev  are  intermixed.  They  are  coated  with 
marine  polypi  and  serpula,  which  proves  that  tlicy 

*  were  long  covered  by  a  traiKjuil  and  stationary  sea. 
-These  Faluns  are  distinct  from  tlie  tertiary  beds  ol' 
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the  Seine,  and  more  recent  than  any  of  them ;  but 
they  are  themselves  the  lowest  term  of  a  new  system, 
more  important,  more  extensive,  than  the  formations 
of  the  Paris  or  London  basins,  and  which  has  been 
continued  to  the  present  epoch,  during  all  the  numer- 
ous up-iieavings  of  the  ground,  the  changes  in  the 
idative  level  of  seas  and  continents,  and  the  successive 
modifications  of  organic  beings." — BulkUn  de  la  So* 
eUU  QSoiogique  de  France^  1881-3%  torn.  iL 

It  is  stated  that  the  lowest  bed  o£  the  Faluns,  rests 
open  a  bed  analogous  to  the  upper  part  of  the  Paris 
bmw  which  is  supposed  to  have  extended  so  fiur.  If 
thb  w«re  dearly  made  out,  we  should  have  the  evi* 
dence  of  positbn,  as  well  as  of  omnic  remamst  to 
detarmme  the  relative  age  of  the  Ftuuns  of  the  Loire, 
which  is  supposed  to  the  age  of  mastodons.  In 
opposition  to  this,  I  have  part  of  the  tooth  of  an 
elephant,  which,  in  the  handwriting  of  Taujas  St. 
Fond,  is  said  to  have  been  found  at  Montmartre,  and 
is  evidently  from  the  marl  beds.  Here,  then,  we 
have  remains  of  an  animal  of  the  most  recent  tertiary 
age,  occurring  in  a  formation  more  ancient  than  the 
age  of  mastodons.  Such  instances  should  lead  us  to 
receive  the  evidence  from  animal  remains  alone,  with 
much  caution.  Indeed,  there  is  good  reason  to 
bdieve^  that  in  North  America,  the  i^e  of  mastodons 
was  continued  to  nearly  the  present  qK>ch,  if  the 
animal  be  not  still  living,  in  some  of  the  unexplored 
recesses  of  that  vast  continent. 

The  nsge  of  mountains  in  Italy,  called  the  Apeo* 
nines,  that  nse^  in  some  parts,*  to  the  height  of  nm 
m  to  eight  thousand  roet,  and  extend  noith  s«id 
south  fiom  the  borders  of  Piedmont  to  Calabria,  are 
aocompanied,  both  on  the  Adriatic  and  Mediterra- 
nean flanks,  by  ranges  of  lower  hills,  which  have, 
from  their  position,  received  the  name  of  sub-Apen- 
nine.  The  sub-Apennine  hills  rise  to  the  height  of 
from  one  to  two  thousand  feet ;  they  are  composed 
of  nearly  horizontal  tertiary  beds  of  marl,  sand,  clay, 
and  calcareous  tuia,  and  abound  in  marine  shells, 
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many  of  which  are  identical  with  existing  species  in 
the  Mediterranean  sea,  or  with  other  existing  species 
of  tropical  climates.  It  is  observed  that  the  upper 
beds  contain  the  greatest  proportion  of  species,  simi- 
lar to  what  exist  in  the  neighbouring  seas.  The 
sub-Apennine  beds  rest  unconformably  upon  the  in- 
clined beds  of  the  Apennine  range.  It  has  been 
ascertained,  by  dredging  the  bed  of  the  Adriatic  sea, 
that  there  are  beds  now  forming  at  the  bottoin»  more 
than  a  thousand  feet  high,  which  closely  resemble 
beds  in  the  sub- Apennine  hills.  These  sub-Apennine 
beds  have  once  formed  the  bottom  of  an  ancient  sea^ 
and  have  been  raised  to  their  present  devstion  bj 
subterranean  action.  The  occurrence  of  numerous 
volcanic  vent8»  in  tfie  whole  of  diat  part  of  Italy, 
can  leave  little  doubt  respecting  the  agent  by  which 
this  elevation  has  been  effected.  . 

Whether  any  portion  of  the  sub-Apennine  strata 
belong  to  the  same  epoch  as  the  upper  strata  in  the 
Paris  basin,  may  be  doubtful ;  but  we  may  safely 
infer,  both  from  their  organic  remains  and  position, 
that  the  su])erior  sub-A})ennine  beds,  belong  to  a  far 
more  recent  epoch,  than  that  in  which  the  tertiary 
strata  round  Paris  and  London  were  deposited.  Mr. 
Lyell,  who  lias  recently  examined  this  interesting 
range  of  tertiary  hills,  and  has  extended  his  re- 
searches into  Sicily,  says,  "  there  were  many  places 
in  which  the  extinct  species  had  nearly  disappeared  $ 
and  tiiat  amid  vast  accumulations  of  marine  shells, 
entering  into  tlie  composition  of  mountains  of  no 
inconsiderable  altitude,  nearly  all  were  spedfically 
identical  with  those  now  inhabiting  the  adjoining 
sea/'  Aca»*ding  to  the  principles  of  M.  Deshayesy 
diese  Sicilian  bMs  must  be  more  recent  than  the 
sub- Apennines 

One  thousand  species  of  shells  have  been  collected 
by  Signor  Guidotto  from  the  sub-Apennine  beds  ;  and 
if  the  rules  laid  down  by  M.  Deshayes,  respecting  this 
formation,  can  be  relied  upon,  the  greater  number 
of  the  species  oi'  shells  belong  to  existuig  species  ^ 
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of  these  tlie  greater  proportion  belong  not  only  to 
existing  species,  but  to  species  inhabiting  the  neigh- 
bouring  sea.  In  Sicily,  however,  we  approach  much 
nearer  to  the  present  state  of  things,  as  nenrhf  all  the 
shells  in  the  tertiary  strata  are  itlentical  with  living 
species,  and  probably  existed  uiidor  similar  conditions 
ik  temperature,  &c.  to  what  these  latitudes  are  now 
sul^ected  to.  Approaching  the  nortbern  temilnatiofi 
of  the  sul>*Apennine  range  at  Sienna,  Parma,  and 
Astit  (according  to  Mr.  Lyell,)  the  proportion  of 
species  identifiable  with  those  now  living  in  the 
Mediterranean  is  still  considerable ;  but  the  propor- 
tion no  longer  predominates  (as  in  tfie  south  or  Italy) 
over  the  unknown  species. 

As  these  sub-Apennine  hills,  which  cover  the  flanks 
of  the  Apennine  range  on  each  side,  were  finrmed 
under  the  sea,  they  must  have  been  elevated  together 
witli  the  Apennine  range,  subsequently  to  their  depo- 
sition. Before  this  period,  tlie  Apennines  were 
consequently  much  lower,  and  Iprmed  a  narrow 
mountainous  peninsula,  extending  into  the  Medi- 
terranean. Their  sides  were  ])robably  clothed  with 
forests,  and  atibrded  food  and  shelter  to  the  elephants 
and  other  large  mammalia,  that  have  left  their  bones 
so  abundantly  in  some  of  the  present  valleys,  parti- 
cularly  in  the  vale  of  Arao.  These  valleys,  it  is 
supposed,  were  once  the  beds  of  andent  freshwater 
lakes,  in  which  depositions  were  fiynning  at  the  same 
time  as  the  marine  depositions  were  taking  place*' 
which  constitute  the  beos  of  the  sub*Apenoine  range. 
By  the  observations  of  M*  Bertnind  GesLin,  nttUismd 
in  the  Jau/mal  de  QMt^f  t  iii.,  it  would  appear, 
that  between  the  source  of  the  Amo  and  Florence 
three  distinct  basins  can  be  traced*  The  beds  of 
these  basins  are  composed  of  argillaceous  blue  marl 
of  coiisideiable  thickness,  contahiing  fossils  in  the 
upper  part  of  the  marl.  Above  this  are  beds  of 
sand,  containing  numerous  bones  of  large  mammalia. 
These  sands  are  covered  by  beds  of  rolled  siliceous 
pebbles,  intermixed  with  sand,  above  whicli  there  is 
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«  bed  of  yeUow  argillaceoiiB  sand.  The  pebbles 
appear  to  have  been  ilerived  fiom  the  nountamooa 
lange  on  the  north.  Neither  renains  of  marine  sbeHa 
nor  Ugnites  occur  in  these  depoaitions.  The  animal 
remains  in  the  upper  valley  of  the  Amo  are  those 
of  the  elephant,  the  large  hippopotamus,  the  rhino- 
ceros, the  tapir,  the  deer,  the  horse,  and  the  ox. 
There  are  also  bones  of  carnivorous  animals  belong- 
ing to  the  hyena,  the  bear,  the  tox,  and  some  species 
allied  to  the  tiger.  From  the  character  of  the  animal 
remains  we  may  infer,  that  these  freshwater  deposi- 
tions are  of  a  comparatively  recent  date ;  they  were 
probably  coeval  with  the  uppermost  marine  beds  in 
tiie  sub-Apennine  hills.  The  beds,  both  in  the  sub- 
Apennine  hills  and  in  the  valleys  of  the  Apennines, 
consist  prindpaliy  of  marl,  sand*  and  loosely  ad- 
hering materials:  hence  they  are  exposed  to  rapid 
degnulation.  On  the  north-east  side  of  the  Apen- 
nine  range»  in  the  district  of  Placensa,  there  is  ft 
marine  depositiim  deserving  particular  notice,  fiom 
the  extraordinary  mixture  of  animal  remaina  which 
have  been  found  in  it,  and  are  at  present  preserved 
in  the  Museum  at  Milan« 

A  friend  of  the  author,  S.  Banfill,  Esq.,  of  Exeter, 
who  visited  the  Museum  in  1832,  obtained  from  the 
director  of  that  institution,  an  account  of  the  prin- 
cipal organic  remains  from  this  deposition,  with  a 
bnef  notice  of  the  locality,  of  which  the  following  is 
a  translation  :  — • 

'*  Organic  remains  from  near  Castello  Arquata,  in 
the  neighbourhood  of  the  ancient  VeU^a*  in  the 
district  of  Placenza. 

A  pretty  extensive  collection  of  shelis. 
A  small  whale,  entire. 
*^  A  portion  of  another  whale*  of  a  kiger 
species* 

The  entire  skeleton  of  an  elqihant,  united 
together. 

The  head  of  ft  rfainoceiost  ynth  some  bonea. 
Two  skeletons  of  dolphins. 
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*•  They  were  all  found  in  a  confined  space,  in  the 
midst  of  marine  mud,  deposited  in  a  tranquil  sea,  at 
the  present  height  of  thirteen  hundred  feet"  The 
director  atkis,  **  This  singular  geological  combina- 
tion, comprehending  organic  vestiges  of  every  lati- 
tude, resembles  that  recently  discovered  in  New 
Siberia,  at  Hehring's  Straits.  Many  eminent  writers 
have  spoken  of  it ;  among  others,  the  brothers  Bondi 
were  some  of  the  first  who  noticed  it ;  and  Sigoor 
Corlesi,  a  landed  proprietor  at  Castello  Arquata»  and 
author  of  *  Geological  Essays  on  the  States  of  Parma  ;* 
also  Signor  Brochi,  in  his  SuihApennine  Faasil  Con* 
ehology" 

The  occurrence  of  the  remains  of  laige  terrestrial 
and  of  marine  mammalia  in  the  same  depoaitian 
may  admit  of  an  easy  explanation,  by  observing 
what  has  taken  place  in  some  parts  of  £nghn£ 
On  the  Sussex  coast  there  was,  at  no  remote  period 
of  history,  an  estuary  extending  inland  from  New- 
haven  to  near  Lewes.  This  estuary  is  now  filled 
up,  and  forms  a  level  meadow,  through  which  the 
river  winds  its  way  to  the  sea.  It  is  not  difficult  to 
explain  how  the  filling  up  of  the  estuary  was  effected  : 
the  immense  mass  of  loose  pebbles  or  shiugies  which 
lie  upon  tlie  Sussex  coast,  change  their  position  during 
violent  storms,  and  are  accumulated  in  new  situa- 
tions. A  drift  of  pebbles,  forming  a  bank  or  bar 
near  the  mouth  of  the  estuaryy  would  prevent  the 
sudden  return  of  the  sea  after  each  tide,  and  retaiil 
the  water,  until  it  had  deposited  the  mud  and  sand 
which  it  oontained.  Thus  .the  estuary  would  gra-' 
dually  become  shallower,  and  its  dimensions  wmild 
contract  ftom  year  to  year.  The  waters  of  the  river 
and  rivulets,  which  m>wed  into  the  estuary,  would 
also  contribute  their  depositions  of  freshwater  mud. 

By  the  joint  operation  of  these  causes,  the  estuary 
would  be  first  converted  into  a  marsh  ;  and  when  the 
drainage  was  more  complete,  this  marsh  was  con- 
verted into  a  plain  or  meadow.    By  sinking  beneatli 
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the  8oil»  the  various  deposittons  of  silt,  sand,  and  vege* 
table  matter,  prove  the  means  by  which  the  estuary 

was  filled.  At  a  considerable  depth,  large  vertebra:? 
of  a  whale  were  discovered,  and  are  now  in  the 
museum  of  Dr.  Mantell.  Instances  of  whales  en- 
tering estuaries  at  high  tides,  and  being  unable  to 
return  at  low  water,  are  of  not  very  unfrequent 
occurrence  on  the  coast  of  Gieat  Britain.  Let  us 
suppose  tiie  sides  of  the  hills  bounding  tlie  ostnnry 
near  Newhaven  to  have  afforded  herbage  for  deer 
and  oxen  ;  their  bodies  or  bones  might  be  washed 
down  into  the  estuary,  and  thus  we  should  have  ail 
the  conditions  required  for  the  intermixture  of  the 
large  bones  of  terrestrial  and  marine  animals.  Let 
us  farther  suppose,  that  subterranean  fire,  like  that 
which  exists  under  various  parts  of  Italy,  should 
upheave  the  chalk  hills  of  the  South  Downs,  and  all 
toe  surrounding  country,  to  tiie  heiglit  of  two  thou- 
sand feet  above  the  present  level :  the  bed  of  die 
Newhavra  estuary  would  then  resemble,  in  all  its 
essential  characters,  the  deposition  at  Castello  Ar- 
quata,  in  Italy. 

The  freshwater  strata  at  QSningen,  near  Con- 
stance, are,  perhaps,  the  most  recent  of  all  that  have 
been  described  as  tertiary  formations.  Quarries 
have  for  many  years  been  worked  in  these  strata, 
and  they  have  been  long  celebrated  for  tlie  great 
variety  of  organic  remains  which  they  contain,  con- 
sisting of  quadrupeds,  birds,  a  vast  number  of  fishes, 
reptiles,  insects,  and  innumerable  plants.  These 
Quarries  were,  for  a  considerable  time»  supposed  to 
contain  human  skeletons :  it  has  been  ascertained  by 
Cuvier,  that  the  bones  belonged  to  the  aquatic  sala- 
mander, an  animal  nearly  resembling  the  lizard  in 
form.  The  body  is  about  four  feet  in  length,  and  it 
li^  beside  a  long  tail.  One  of  these  skeletons  is 
fai  the  British  Museum*  The  strata  are  chidly  in- 
durated calcareous  marl,  and  freshwater  limestone  or 
marlstone.   Mr.  Murchison,  who  visited  the  quarries 
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at  CEningen,  and  brought  from  thence  the  entire 
skeleton  of  a  fossil  fox,  has  given  a  brief^  but  very 
clear,  description  of  this  formation  :  — 

**  The  Riiine,  in  its  course  from  Constance  to 
SchafFhausen,  flows  for  many  miles  in  a  depression 
of  the  molasse  (or  sandstone),  which,  being  cut  through 
transversely,  is  exposed  in  hills  on  both  hanks,  at 
heights  varying  from  seven  to  nine  hundred  feet. 
These  hills,  consisting  of  micaceous  aandatone  and 
copglomerate,  form  the  western  prolongation  of  tluit 
great  range  of  tertiary  deposits,  which  extends  along 
the  flanks  of  the  Austrian  and  Bavarian  Alps,  and 
has  been  described  by  Professor  Sedgwick  and  myself* 
Hie  mark  and  limestone  of  (Eningen  are  recum* 
bent  on  the  molasse^  and  thev  are  seen  in  various 
patches  on  the  sides  of  the  hills,  and  are  worked  in 
two  quarries,  at  different  elevations  above  the  Rhine. 
The  lowest  is  about  two  hundred  feet  above  the  level 
of  the  Rhine  ;  the  highest  is  about  six  hundred  feet 
above  its  level.  The  marl  beds  in  botli,  rest  on 
molasse,  which,  forming  the  bottom  of  tlie  basin,  is 
^  exposed  beneath  the  lower  quarries  in  tlie  denudation 
of  the  Rhine,  and  rises  beliind  them  into  the  hills 
of  Scliienen.  It  would,  therefore,  appear  that  the 
valley  in  whicli  tlie  Rhine  now  flows  was,  at  a  remote 
period,  deeply  excavated  in  the  molasse,  and  tJiat 
subsequently  a  lake  was  formed  in  one  of  the  broader 
parts  of  the  valley,  in  whicii  marls  and  limestones 
were  (leposited.  The  nature  of  the  organic  remains, 
and  their  deposition  in  successive  layers,  not  only 
prove  the  long  period  of  time  which  must  have 
elapsed  during  their  accumulation,  but  also  demon^ 
strate  the  lacustrine  origin  of  the  deposit." 

Mr.  Murchison  has  annexed  some  judidoua  ob» 
servations  on  the  relative  geological  age  of  the 
tertiary  limestone  of  CEningen : — f*  From  the  inter* 
mixture  of  species  undistinguishable  from  those  now 
existing  witn  others  decidedly  extinct,  this  deposit 
may  be  considered  as  an  important  link  in  the  history 
of  the  earth's  structure  ^  indicating  an  intimate  cou- 
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necticm  between  the  ancient  state  of  nature^  and  that 

which  now  prevails. 

"  The  deposit  differs  essentially  in  its  organic  re- 
mains, ftom  any  other  freshwater  fbrmatiotl,  either  io 
France  or  in  the  adjacent  regions  of  Germany :  from 
its  superposition  over  tertiary  sandstone  (molaaBeX 
this  ionnation  must  be  regarded  as  one  of  the  most 
recent  Yet  recent  as  must  liave  been  the  (^eolo- 
gical)  epoch  of  this  fennation»  the  basin  in  which  it 
•  was  deposited  has  subsequently  been  re-excavated  to 
a  considerable  d(  {)th  :  the  proof  of  which  is,  that  hori- 
zontal beds  still  present  escarpments  several  hundred 
feet  above  the  Rliine,  without  any  barrier  between 
them  and  that  river.** 

As  no  bones  of  elephants  or  mastodons  have  been 
discovered  in  tiie  strata  of  Q^ningen,  and  as  the 
plants  and  animals  for  the  most  part  resemble  existing 
species,  it  is  reasonable  to  believe,  that  the  mean 
temperature  of  this  part  of  the  globe  had  considerably 
decrcasetl,  and  that  the  country  round  CEningen 
could  no  longer  support  the  plants  and  animals  of 
tropical  climates. 

The  strata  of  G^ningen  may  be  regarded  as  poste- 
rior to  many  of  the  beds  or  accumulations  of  clay« 
sand,  and  gravel,  in  £n^land  and  other  countries,  and 
ocmtain  the  remains  ot  elephants,  hippopotami,  and 
other  inhabitants  of  warm  regions. 

Crag. — In  the  county  of  Norfolk,  beds  of  sand  and 
gravel  are  provincially  odled  Ciag :  such  beds  cover 
a  considerable  extent  of  countiy  ftom  the  coast  near 
Cromer  on  the  north,  to  the  southern  boundary  of  the 
county,  and  thence  are  continued  through  Suffolk 
and  into  the  confines  of  Essex.  These  beds  chiefly 
rest  upon  chalk  ;  but  in  Suffolk  they  often  cover 
London  clay.  Thin  irregular  beds  of  santl,  almost 
entirely  filled  with  marine  shells,  are  found  in  some 
parts  of  the  Crag,  and  since  the  attention  of  Geolo- 
gists has  been  })articularly  directed  to  them,  they 
have  been  distinguished  from  the  other  beds  of  sand, 
gravel,  and  clay,  and  the  term  Crag  is  now  exclusively 
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given  to  these  shelly  deposits.  Having  vimted  part 
of  the  Crag  district  in  Norfolk  since  the  publication  of 
the  edition  of  18J3,  I  confess  that  I  was  somewhat 
surprised  and  disappointed  at  the  importance  that  had 
been  given  to  tliese  limited  depositions  of  strata  con- 
taining shells.  At  Brammerton  near  Norwich,  the 
Crag  strata  are  very  well  displayed  j  they  consist  as 
under,  in  an  ascending  series ; 

feet 

15    of  sand  and  clay  with  shells,  resting  on  chalk. 

4    Coarse  white  sand. 
15    Yellow  and  red  sand. 

li  Pebbles  and  shells. 

l£  White  sand  and  siiells. 

l|  Ferruginous  sand. 

4    Loamy  eartli. 

2   Vegetable  mold. 

For  the  measurement  of  the  different  beds  I  am 
inddbted  to  Mr.  S.  Woodward,  author  of  An  Ouilim 

ike  Oeoh^y  of  Nor/blk,  and  of  vadous  papers  oa 
the  natund  history  and  antiquities  of  that  county.  At 
Thorp,  and  other  localities  which  I  visited,  the 
thickness  and  succession  o£  the  beds  vary  somewhat 
from  those  of  Brammerton.  The  greatest  altitude  of 
these  beds,  above  the  sea,  is  supposed  to  be  about  lUO 
feet.  On  the  coast  at  Cromer,  the  Crag  strata  are 
found  at  the  bottom  of  the  clilis,  nearly  on  a  level 
with  the  sea,  and  a  little  below  the  low-water  mark  : 
the  substratum  of  chalk  on  which  the  Crag  rests,  may 
be  traced  for  some  miles.  The  cliffs,  composed  of  sand, 
clay,  and  gravel,  above  the  Crag»  are  in  some  pacts 
400  feet  in  thickness. 

As  the  shells  in  the  Crag,  both  bivalve  and  univalve, 
are  mahne,  the  ditl'erence  of  level  at  which  the  beds 
of  Crag  are  found  at  Cromer  and  inland,  proves  that  a 
considerable  elevation  of  the  surface  has  taken  place 
in  some  parts  since  their  deposition.  It  is  generally 
agmdt  that  a  large  pr<^rtion  of  the  shells  found  in 
the  Crag,  belong  to  species  not  at  ])reseQt  existinjj^  in 
the  neighbouring  ocean.   Many  oi'  the  more  debcate- 
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shells  have  been  broken,  but  the  stronger  shells,  parti- 
cularly those  of  the  Murex,  are  in  high  preservation. 

No  shells  of  the  nautilus  or  any  other  large  chambered 
cephalopod,  have  hitherto  been  found  in  the  crag.* 
The  general  characters  of  the  country  containing 
the  Crag  are  ably  given  by  Mr.  Taylor  : — **  A  district, 
bordering  a  hundred  miles  upon  our  eastern  coast,  is 
occupied  by  an  ancient  marine  deposit,  continually 
changing  its  aspect,  yet  constant  in  its  peculiar 
characters,  and  always  to  be  understood  by  unerring 
data  :  now  appearing  as  a  ferruginous  sandstone,  then 
ii  compact  clay,  and  again  considerably  indurated ; 
aometimea  blended  in  a  mass  of  extinct  zoophytes^ 
sponges,  and  alcyonites,  formii^  a  sofl  rock:  oflfener 
an  irregularly  accumulated  mass  of  decomposed  and 
broken  littoral  shells,  loosely  imbedded  in  sand,  like 
*an  ordinary  sea-beach,  yet  accompanied  with  the 
remains  of  unknown  animals*  Sometimes  forming  the 
substratum  of  a  considerable  area ;  or,  overwhelmed 
beneath  the  debris  of  older  strata,  only  detected  at 
intervals.  At  one  point  exhibiting  groups  of  shell  fish 
allied  to  tliose  of  the  neighbouring  sea ;  and  at  another, 
composed  of  numerous  genera,  which  are  neither  to 
be  recognised  living  in  any  part  of  our  globe,  nor 
assimilating  to  the  Ibssil  shells  of  other  fonnalions.** 
— /Vi/7.  Mag.  April  lcS'27. 

Mr.  'i  ay  lor,  in  his  account  of  the  Norfolk  crag, 
appears  to  associate  with  it  the  beds  which  Mr. 
Woodward  describes  as  diluvium;  hence  he  gives 
a  greater  extent  to  the  crag  formation  tlian  Mr. 
Woodward. 

Mr.  Edward  CharlswT)rth  described,  in  the  Edin. 
Phil.  Mag.  Aug.  1835,  a  lower  bed  ol  crag  in  Suffolk, 
beneath  tl)e  common,  or,  what  he  calls,  the  red  crag. 
This  bed  is  composed  of  calcareous  sand,  containing 
shells,  corals,  and  sponges,  well  preserved :  the  sand 

♦  Numerous  minute  sliclls,  a]\\pd  to  the  nummulite,  are  found  in 
the  erag,  but  these,  accord i?ip  to  Dr.  lulward  Milne,  did  not  belong 
to  eephalopods,  as  hitherto  believed,  but  to  species  of  polypi. — Seo 
Preliminary  Obiervations,  in  the  present  volume. 
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itself  appears  to  be  chiefly  derived  from  decomposed 
corals*  To  this  deposition  he  gives  tlie  name  of 
Coralline  Crag.  In  the  Proceedings  of  the  Geological 
Society,  Feb.  1 837,  there  is  an  abstract  of  a  paper  by 
the  Rev.  W.  B.  Clarke,  describing  the  ^eologicafstruc- 
ture»  &c.  of  Sufiblky  and  its  relations  with  Norfolk  and 
Essex.  Mr.  Clarke  believes*  "  that  the  true  rationale 
of  the  crag  is  to  be  found  in  the  hypothesis  of  sand- 
banks inhabited  testacea,  and  situated  in  a  tidal 
way,  exposed  to  violent  fluctuations  of  the  sea,  as  well 
as  subject  to  drifts  of  extraneous  matter  from  land 
waters."  This  opinion  of  Mr.  darkens  appears  to  have 
just  grounds  for  its  support,  particularly  when  taken 
in  connexion  with  the  vast  accumulation  of  mamma- 
lian remains  found  in  or  near  the  crag.  These 
remains,  particularly  those  of  the  elephant,  are  so 
abundant,  that  the  district  might  be  called  the  land 
of  elephants.  They  are  generally  well  preserved,  and 
hence  it  may  be  mferred,  that  the^  have  not  been 
drifted  from  a  distant  country.  Ihe  bodies  were 
probably  carried  by  some  powerful  river  into  the  sea, 
and  buried  in  sand  or  clav.  After  high  tides  these 
remains  are  laid  bare,  and  washed  upon  the  shore, 
and  are  found  along  the  coast  for  several  miles.  An 
entire  head  of  a  large  elephant  was  tamd  near  Cromer 
a  few  months  before  I  wa6  there,  in  1885.  The  tusks 
were  rising  above  the  sand,  but  were  broken  by  the 
boys  who  discovered  them;  the  jaws  and  gnnders 
escaped  mutilation.  It  is  about  twenty  years  since 
the  mammalian  remains  attracted  particular  attention. 
On  removing  a  bed  of  clay  to  form  the  jetty  at 
Cromer  several  large  teeth  and  bones  were  discovered 
and  collected.  On  the  Hasboro*  sandbanks  near  the 
coast,  the  remains  of  elepliants  are  abundant ;  they  are 
constantly  dredged  up  by  the  fishermen.  It  is  sup- 
j)osed  by  Mr.  Woodward,  that  the  teeth  collected 
from  these  banks  alone,  in  a  few  years,  must  have 
belonged  to  500  elephants.  The  bones  must  corn- 
monly  found  are  the  pelvis  and  femur.  The  teeth 
and  tusks  of  the  hippopotamus  and  rhinoceros  are  also 
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occasionally  found.  Similar  mamnialiaii  remains  occur 
in  or  near  the  crag  beds,  in  various  parts  of  the  county 
of  Norfolk.  The  blue  clay^  under  which  the  mammar 
]ian  remains  chiefly  occur  at  Cromer,  is  covered  by 
thick  beds  of  sand  and  gravel,  that  form  the  cliffs  ;  but 
as  these  cliffs  are  annually  and  rapidly  faHing,  the 
lower  beds  become  exposed  to  the  action  of  the  tides, 
and  the  bones  and  teeth  are  waslicil  out,  anil  spread 
upon  the  sands.  In  Loudon\s  Ma^,  of  Nat.  Hist 
Jan.  1S.>6,  I  have  given  a  more  detailed  account  of 
tiie  large  mannnaUan  remains  tbund  in  the  crag,  and 
'  on  the  coast  of  Norfolk. 

The  animals  wliose  remains  are  buried  in  or 
over  the  crag  of  Norlblk,  certainly  were  not  mere 
ancient  than  the  crag  itself.  This  tact  entirely  inva- 
lidates the  conclusion  respecting  the  high  comparative 
antiquity  of  the  Suiiblk  coralline  crag,  founded  on  the 
temperature  required  for  the  growth  of  coral ;  for  the 
climate  suited  to  tlie  elephant  and  hippopotamus  was, 
assuredly,  sufficiently  wium,  to  admit  coralline  polypi 
to  flourish  in  sheltered  situations,  as  thev  do  at  present 
in  the  Mediterranean  sea.  ThebedsotNorfblk  crag, 
were  probably  more  exposed  to  the  violent  fluctuatioQS 
of  the  tides,  than  the  coralline  beds. 

The  crag  offers  a  striking  instance  of  the  influence 
of  mere  names  over  the  judgment,  in  science  as  w  ell 
as  in  the  conunon  concerns  of  lil'e.  Had  the  bedi 
denofninated  crag,  been  at  first  called  what  they  really 
are,  beds  of  shelly  sand  and  })ebbies,  and  had  it  been 
farther  stated,  that  the  sJielis  were  marine,  and  some 
of  them  were  supposed  to  differ  from  the  shells  in  the 
neighbouring  sea,  the  information  so  given  would 
have  excited  little  curiosity.  The  unknown  and 
mysterious  name  of  crag,  and  tlie  vast  extent  to 
which  the  said  crag  was  belie\"ed  to  be  spread  over 
the  counties  of  Noribik  and  Suffolk,  gave  it  the 
character  of  a  principal  geological  formation.  The 
geological  importance  of  the  crag,  may  in  some  degree 
be  estimated  by  the  section  of  it  at  Brammerton, 
where  it  appears  in  its  greatest  force.   The  total 
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thickness  of  the  three  shelly  beds  to  which  the  term 
crag  is  now  restricted,  is  not  more  than  eiijhtcen  feet : 
and  even  if  we  class  as  crag  all  the  bedn  between  the 
chalk  and  the  vegetable  mold,  the  tliickness  will  be 
about  forty  feet ;  nor  are  these  beds  regular  or  conti- 
nuous to  any  great  distance.  It  is  highly  probable 
that  the  loose  sandbanks  which  foimed  the  crag  beds^ 
have  been  in  some  situations  drifted  over  the  coralline 
ctag ;  the  evidence  of  superposition  in  beds  of  sand 
or  gi-avel,  affords  no  certain  proof  of  difference  of  age. 
The  importance  of  the  shelly  crag  has  been  much 
overrated,  while  the  mammalian  remains,  which  are  of 
fiir  higher  value,  have  hitherto  received  little  attention 
fiom  geologists.  The  shells  in  the  crag  are  not 
"  vocal;"  they  tell  us  nothing — absolutely  nothing — 
respecting  the  former  condition  of  the  globe ;  they 
convey  no  information,  excej)t  that  they  differ  sonie- 
wluit  in  form  from  the  shells  in  the  German  ocean  ; 
but  the  skeletons  of  hippopotami  and  of  many  hundred 
elephants,  declare,  in  a  language  not  to  be  mistaken, 
that  the  earth  in  these  latitudes,  possessed  a  very 
high  temperature,  at  a  late  period  of  the  tertiary 
epoch. 


Observations  on  the  Tcrtuiry  Strata.  —  In  pa5sing  from  a  secon- 
dary district  to  oiu;  dcnoininatcd  primary,  thi*  traveller  will  gene- 
rally observe  a  remarkable  ditierence  in  the  nature  of  the  soil  and 
the  physical  features  of  the  country,  which  may  lead  him  to  infer, 
that  a  great  geological  change  had  taken  place ;  but  in  pa8sin|^  from 
the  ieoondarj'  to  the  tertiary  formations,  there  is  seldom  any  - 
striking  variation  in  the  scenery  or  external  characters  to  excite 
particular  ii(>tic<». 

iu  the  organic  remains  of  the  tertiary  strata,  however,  the  geolo- 
gist may  discover  proofs  of  the  most  extraordinary  chaoses  that 
have,  perhaps,  ever  taken  place  on  the  surface  of  the  globe.  The  era 
of  a  new  creation  appears  to  have  commenced,  both  in  the  animal 
and  vegetable  kingdoms.  Tlje  liiL^iest  class  of  animals,  the  verte- 
brated  mammalia,  of  which  scarcely  a  vestige  can  be  found  in  the 
secondary  strata,  have  left  abuudaut  remains  in  the  tertiary  form- 
ations, belonging  to  various  orden  and  genera,  some  of  which 
are  continued  to  the  present  day.  In  the  vegetable  remains  also,, 
we  trace  a  similar  change,  from  families  of  the  lowest  classes,  to 
perfect  dicotylidinous  plants,  allied  to  our  present  forest  trees. 

Thus  (as  M.  A.  Brongniart  well  observes)  iu  the  vegetable  as  well 
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as  the  animal  kingdom,  there  has  been  a  gradual  advancement  to 
perfection  in  the  organization  of  beings  which  have  successively 
lived  upon  the  glgbe,  from  those  which  first  appeared  upon  its  sur- 
face to  those  by  which  it  is  now  inhabited/* 

That  a  great  change  must  also  have  taken  place  in  the  condition 
of  the  globe,  previously  to  the  creation  of  terrestrial  mammalia, 
will,  I  think,  on  reflection,  appear  evident  The  secondary  strata 
were  chiefly  deposited  under  the  sea,  and  it  is  highly  probable  that 
they  were  elevated  above  its  surface,  and  formed  a  considerable 
portion  of  the  present  continents  in  the  northern  hemisphere,  before 
the  tertiary  epoch  commenced.  Extensive  tracts  of  dry  land,  with 
rivers  and  freshwater  lakes,  and  with  a  covering  of  soil,  would  be 
required  for  the  new  vegetable  and  animal  creations.  It  is  farther 
probable,  that  by  the  emergence  of  the  land,  a  considerable  change 
took  place  both  in  the  atmosphere  and  the  climate,  and  that  this 
change  was  favourable  to  the  support  and  well  being  of  terrestrial 
mammalia.  M.  A.  Brongniart,  in  his  Prodrome  des  V^getaux 
FossiUs,"  advances  an  opinion,  that  in  the  earliest  geological 
epochs,  the  atmosphere  contained  a  great  excess  of  carbonic  acid, 
which,  combined  with  a  high  and  moist  temperature,  promoted  the 
rapid  growth  of  gigantic  ferns,  lycopodia,  and  other  plants,  that 
composed  the  vegetation  of  the  ancient  world.  By  the  absorption 
of  the  carbonic  acid,  the  atmosphere  became  gradually  more  suited 
for  the  respiration  of  animals.  The  plants  by  which  carbon  was 
absorbed  and  solidified,  furnished,  as  they  decayed,  the  substance 
of  which  coal  is  formed.  This  conjecture  is  extremely  ingenious, 
and  is  well  deserving  the  consideration  of  the  geologist. 
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Tnt:  preceding  Chapters  describe  the  composition, 
arrangement,  and  succession  of  the  great  mineral 
masses  that  form  the  solid  covering  of  the  globe. 
The  more  important  phenomena  they  present,  are 
particularly  noticed,  with  a  view  to  excite  the  atten- 
tion and  direct  the  researches  of  the  geological 
student.  The  following  chapters  chiefly  relate  to 
changes  which  the  solid  covering  of  the  globe  has 
in  many  parts  undergone  by  the  operation  of  internal 
and  external  causes.  The  internal  causes  are  re- 
moved Ironi  immediate  observation,  and  can  onlv  be 
traced  by  their  eftiects  ;  they  appear  to  be  terrestrial 
heaty  electricity^  and  chemical  affinity.  The  external 
causes  are  solar  radiation,  variation  of  temperature, 
atmospheric  agency,  the  force  of  descending  waters 
and  currents,  and  the  action  of  the  tides;  to  which 
may  be  added  the  deposition  of  calcareous  beds  in  the 
ocean,  by  testaceous  animals  and  zoophytes. 
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CHAP.  XIX- 

OF  EARTHQUAKES  AND  VOLCANOES. 

Phenomena  that  generally  precede  the  Shocks  of  violeBt  Earth- 
quakes.—Extent  to  which  Waters  in  Lakes  and  Springs  haTO 
been  agitated  during  Earthquakes.  —  Extent  to  which  Earth- 
quakes have  been  felt  on  Land.  —  Connrotion  between  Earth- 
quakes and  Volcanot'*5.  —  Frequency  of  Eartiiquakes  at  particular 
Periods  and  in  certain  Countries.  —  Enormous  destructive  Waves 
produced  by  Earthquakes ;  their  Effects  on  the  Coast  of  Chili  in 
1885>'— Electrical  Agency. —  Plirnouiena  presented  by  Volcanic 
Eruptions  on  Land.  —  llemarkable  Eruption  of  Sumbawa  in 
181  ^. — Long  Periods  of  Repose  in  some  Volcanoes, — Volcano 
of  Popocatapetl  in  Mexico.  —  Submarine  Volcanoes  in  various 
Parts  of  the  Globe.  —  Volcanic  Eruptions  of  Water  and  Mud.  — 
Destruction  and  Extinction  of  Volcanoes.  —  Groups  of  Volcanic 
Islands.  —  Ancient  extinct  Volcanoes.  — Extinct  Volcanoes  of  the 
South  of  France,  Puy  de  Pariou,  Puy  de  Dome,  and  Puy  de 
Chopine.  —  Volcanic  Domes,  remarkable  one  in  the  Island  of 
Java.  —  Extinct  Volcanoes  near  the  Rhine  and  in  Asia.  — Craters 
of  Eruption,  Theory  of,  by  Von  Buch. —  Structure  of  Mont 
Somma  and  Monte  Nuovot  confirmative  of  this  Theory.  — Obser^ 
rations  on  Volcanic  Fire.  — Pseudo  Volcanoes  and  Voleanie 
Rocks  and  Products^ 


Accustomed  to  view  the  hills  in  our  own  country 
in  a  state  of  profound  repose,  presenting  the  same 
unvaried  outline  in  each  succeeding  year,  we  can 
scarcely  conceive  the  possibility  of  a  whole  district 
being  covered  with  new  mountains  and  anotlier  soil, 
in  tlie  space  of  a  single  night ;  yet  such  changes 
have  been  produced,  by  the  united  agency  of  earth- 
quakes and  volcanoes,  within  the  limits  of  authentic 
lii.story.  For  a  particular  descri])lion  of  recent  vol- 
canic eruptions,  and  the  changes  tliey  liave  produced 
on  the  surrounding  countries,  1  must  refer  the  reader 
to  the  works  of  ^pallanzani,  Dolomieu,  Sir  William 
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Hamtkoiit  and  M.  Huinboldt»  and  to  the  lecoit 
account  of  the  Island  of  Jam,  hy  Lieataianfc- 
Gbvemor  Raffles. 

In  tiie  present  chapter  I  propose,  1st,  to  describe 
those  phenomena  that  indicate  the  connection  be- 
tween earthquakes  and  volcanoes,  and  between  the 
volcanoes  in  distant  countries  ;  ^dly,  to  take  a  view  of 
the  most  remarkable  recent  volcanic  eruptions,  and  of 
the  remains  of  ancient  volcanoes,  that  prove  the  ex- 
tensive action  of  internal  heat  on  the  crust  of  the  globe; 
and,  ddly,  to  give  a  concise  account  of  volcanic  rocks 
and  products. 

Earthquakes  and  volcanoes  may  be  considered  as 
different  ejects  produced  by  the  agency  of  internal 
beat  They  frequently  accompany  each  other,  and 
in  all  instances  that  have  been  observed,  the  first 
eruption  of  a  volcano^  is  preceded  by  an  eardiquake  of 
greater  or  less  extent*  Volcanoes  do  not  make  their 
appearance  in  evenr  country  where  the  shock  of  an 
orthquake  is  felt ;  but  earthquakes  are  more  fiequent 
in  volcanic  districts  than  in  any  other.  Earthquakes 
are  almost  always  preceded  by  an  uncommon  agitatum 
of  the  waters  of  the  ocean,  and  of  lakes.  Springs  send 
forth  tOTrents  of  mud,  accompanied  with  a  msagreeaUe 
stench.  The  air  is  generally  calm,  but  the  cattle  dis- 
cover much  alarm,  i\ud  seem  to  be  instinctively  aware 
of  approaching  cukiniity.  A  deep  rumbling  noise,  like 
that  of  carriages  over  a  rough  pavement — a  rushing 
sound  like  wind — or  a  tremendous  explosion  like  the 
discharge  of  artillery,  immediately  precede  the  shock, 
which  suddenly  heaves  the  ground  upwards,  or  tosses 
it  from  side  to  side,  with  violent  and  successive  vibra- 
tions. The  shock  seldom  Lists  longer  than  a  minute  ; 
but  it  is  frequently  succeeded  by  others  of  greater  or 
less  violence,  w'hich  continue  to  agitate  the  surface  of 
the  earth  for  a  considerable  time.  During  these 
shocks,  large  chasms  and  openings  are  made  in  the  * 
^ound,  through  which  smoke  and  flames  are  seen  to 
issue;  these  sometimes  break  out,  where  no  chums 
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can  be  perceived.  More  frequently  stones,  or  torrents 
of  water,  are  ejeeted  from  these  openings.  In  violent 
earthquakes,  the  chasms  are  so  extensive,  that  large 
cities  have  in  a  moment  sunk  down  and  for  ever 
disappeared,  leaving  a  lake  of  water  in  the  place. 
l!>ucn  was  the  fate  of  Euphemia  in  Calabria,  in  lG38, 
.  as  described  by  Kircher,  who  was  approaching  the 
place,  when  the  agitation  of  the  ocean  obliged  him  to 
land  at  Lojuzicum.  Here,"  says  he,  scenes  of  ruin 
everywhere  appeared  around  me:  but  my  attention 
was  quickly  turned  from  more  remote  to  contiguoui 
danger,  by  a  deep  rumbling  sound,  which  every  mo* 
ment  grew  louder.  The  place  where  we  stood  shook 
most  mreadfiiUy.  After  some  time,  the  violent  paroxysm 
ceasing,  I  slood  up,  and  turning  my  eyes  to  look  ibr 
£i:^bmia,  saw  only  a  frightful  black  doud.  We 
waited  till  it  had  passed  awav,  when  nothing  but  a 
dismal  and  putrid  lake  was  to  be  seen,  where  the  city 
once  stood.** 

The  extent  to  which  earthquakes  produce  sensible 
effects  on  the  waters  of  springs  and  lakes  in  distant 
parts  of  the  world,  is  truly  remarkable.  During  the 
earthquake  of  Lisbon,  in  1755 y  almost  all  the  springs 
and  lakes  in  Britain,  and  in  every  part  of  Europe,  were 
violently  agitated,  many  of  them  throwing  up  mud 
and  sand,  and  emitting  a  foetid  odour.  On  the 
morning  of  the  earthquake,  the  hot  springs  at  Toplitz, 
in  Bohemia,  suddenly  ceased  to  flow  for  a  minute,  and 
then  burst  forth  with  prodigious  violence,  throwing  up 
turbid  water,  the  temperature  of  which  was  hi|$her 
than  before :  it  is  said  to  have  continued  so  ever  smce. 
The  hot  wells  at  Bristol  were  coloured  red,  and 
rendered  unfit  for  use  for  some  months  afterwards. 
Even  the  distant  waters  of  Lake  Ontario*,  in  North 
Amerka^  were  violendy  agitated  at  the  time.  These 
phenomena  offer  prooft  of  subterranean  (3ommoni- 

*  It  has  been  observed,  during  many  earthquakes  in  the  Eastern 
States,  that  tiie  Mibterraneaii  noise  and  motion  appeared  to  com- 
-nMQQ0  fim  tiM  Lakes,  and  proceed  towarde  the  AtliBtie  Oeeto, 
in  a  direction  from  the  north-weet 
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cations  under  a  large  portion  of  the  globe  ;  tliey  also 
indicate,  that  a  great  quantity  of  gas  or  elastic  vapour 
was  suddenly  generated  and  endeavouring  to  escape. 
From  tlie  fcctid  odour  perceived  in  some  situations, 
it  may  be  inferred  that  this  gas  is  liydrogen  or  sul- 
phuretted hydrogen.  In  other  instances  it  may  be 
steam,  which  condensing  again  would  produce  a 
vacuum,  and  cxxaiaion  the  external  air  to  press  down- 
wards ;  this  has  been  observed  in  mines,  immediately 
afler  the  shock  of  an  earthquake. 

The  space  over  which  the  vibration  of  the  dry 
ground  is  felt  is  very  great,  but  generally  wider  in 
one  direction  than  another ;  and  where  a  succession  of 
earthquakes  has  taken  place  in  the  same  district,  it  is 
observed,  that  the  noise  and  shock  approach  from  the 
same  quarter.  It  has  been  before  mentioned,  that 
earthquakes  are  most  frequent  in  volcanic  districts; 
but  the  shocks  arc  not  the  most  v  iolent  in  the  imme- 
diate vicinity  of  volcanoes.  On  the  contrary,  thev  are 
stronger  in  tlie  more  distant  part  of  a  volcanic  country. 
The  ground  is  agitatetl  with  greater  force,  as  the  sur- 
face has  a  smaller  number  of  apertures,  communicating 
with  the  interior.  "  At  Naples  and  Messina,  and  at 
the  toot  of  Cotopaxi  and  Tungurahua,  earthquakes 
are  only  dreaded,  when  vapours  and  flames  do  not 
issue  from  the  craters." — Humboldt, 

The  connection  of  earthquakes  with  volcanoes  was 
noticed  by  ancient  writers,  and  the  latter  were  pro- 
perly regarded  as  the  openings,  through  which  the 
inclosed  vapour  and  ignited  matter,  that  occasion 
earthquakes,  found  a  passage.  Strabo,  in  his  Geo- 
graphy, states,  that  the  town  of  Rhegium,  situated  on. 
the  Italian  side  of  the  Straits  of  Messina,  was  so  called, 
according  to  JEschylus,  from  the  circumstance,  that 
the  island  of  Sicily  was  rent  off  from  the  continent  by 
earthquakes.  Proo6  of  this  arise  out  of  the  pheno- 
mena attending  -^tna,  and  other  parts  of  Sicily, 
the  Lipari  Islands,  and  even  the  opposite  continent. 
JSow,  indeed,  when  craters  are   opened,  through 
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which  fire  *and  ignited  matter  and  water  are  poured 
out,  it  is  said  tliat  the  land  near  the  Straits  is  seldom 
shaken  by  earthquakes  :  but  formerly,  when  all  the 
passages  to  the  surface  were  obstructed,  the  fire  and 
viqpour  coniined  in  the  earth  occasioned  frequent 
earthquakes,  and  the  land,  being  rent,  admitted  the 
ocean.  At  the  same  time,  Prochyta  and  an  adjacent 
island  were  also  torn  ofi'  from  the  continent,  while 
other  islands  rose  from  the  ocean,  as  frequ^tly 
happens  at  thb  day." — (Strabo  flourished  in  the  reign 
of  Augustus.) . 

It  is  liighly  probaUe  that  every  extensive  earth- 
quake is  followed  by  a  volcanic  eruption  more  or  less 
remote,  unless  (as  not  unfrequently  happens)  the 
elastic  vapour  immediately  escapes  from  fissures  made 
at  the  time,  in  the  countries  that  are  tlie  most  vio- 
lently convulsed.  An  earthquake  was  btrongly  felt 
in  Geneva  w^hen  I  was  there,  February  19,  18^22,  and 
did  considerable  damage  in  several  towms  and  villages 
in  Savoy  and  France.  A  lew  weeks  afterwards,  I 
travelled  from  Geneva  to  Lyons,  and  from  thence  to 
the  ancient  volcanoes  near  Clermont.  In  the  course 
of  my  route,  I  made  frequent  inquiries  respecting  the 
eiiects  of  the  earthquake :  it  appeared  to  have  been 
most  strongly  felt  along  tiie  valley  of  the  Rhone,  and 
the  shock  was  not  less  severe  in  the  volcanic  district 
of  Auvergne;  its  direction  was  from  the  south*east: 
and  on  that  and  the  following  days,  there  were 
several  eruptions  from  Vesuvius. 

The  frequency  of  earthquakes  at  particular  periods 
is  well  deserving  notice.  In  the  fourth  and 
centurieSy  some  of  the  most  civilised  parts  of  the 
world  were  almost  desolated  by  these  awful  visita- 
tions.  Thrace,  Asia  Minor,  and  Syria,  according 
to  contemporary  historians,  suffered  most  severely: 
the  earth  was  agitated  continually  for  long  periods, 
and  fiames  were  seen  to  burst  from  the  earth,  over  a 
vast  extent  of  surface.     On  the  of  January, 

A.D. 'H7>  subterrauean  thunders  were  heard  from 
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the  Black  to  the  Red  Sea,  and  the  earth  was  con- 
vulsed without  iutermission  for  the  space  of  six 
months ;  in  many  places  the  air  seemed  to  be  on  fire ; 
towTis  and  large  tracts  of  ground  were  swallowed  up 
in  Phrygia.  On  the  20th  of  May,  A.  D.  520,  the 
city  of  Antioch  was  overturned  by  a  dreadful  earth- 
quake, and  two  hundred  and  fifty  thousand  of  its 
inhabitants  are  said  to  have  been  crushed  in  the 
ruins.  A  raging  fire  covered  the  ground  on  which 
the  city  was  built,  and  the  district  around ;  spreading 
over  an  extent  of  forty-two  miles  in  diameter,  and  a 
surface  of  fourteen  hundred  square  miles.  • 

About  the  middle  of  the  last  century,  afler  the 
earthquake  at  Lisbon,  Europe,  Africa,  and  America 
were  for  some  time  repeatedly  agitated  by  subter- 
ranean explosions;  as  may  be  seen  bv  referring  to 
the  journals  of  that  time.  *JStna,  which  had  been  in 
a  state  of  profound  repose  for  eighty  years,  brdke  out 
with  great  activity;  and,  according  to  Humboldt, 
some  of  the  most  tremendous  earthquakes  and  volca- 
nic eruptions  ever  recorded  in  history  were  witnessed 
in  Mexico.  In  the  night  of  the  19th  of  September, 
1759,  a  vast  volcano  broke  out  in  a  lofty  culti- 
vated plain  ;  a  tract  of  ground  more  than  twelve 
miles  in  extent,  rose  up  like  a  bladder  to  the  height 
of  five  iiundred  and  twenty-four  feet,  and  six  new 
mountains  were  formed,  higher  than  the  Malvern 
Hills,  in  Worcestersliire.  More  recently  (in  1812) 
the  tremendous  earthquakes  in  the  Caraccas  were 
followed  by  an  eruption  in  the  Island  of  St.  Vincent's, 
from  a  volcano,  that  had  not  been  burning  since  the 
year  I7I8;  and  violent  oscillations  of  the  ground 
were  felt,  both  in  the  islands  and  on  the  coasts  of 
America.  It  may  be  inferred  from  these  circum- 
stances,  that  the  cause  of  earthquakes  and  volcanie 
eniptions  is  seated  deep  below  the  surface  of  the 
earui ;  in  confirmation  of  which,  it  will  only  be  neces- 
sary to  state,  that  on  the  same  day  on  wluch  Lisbon 
was  nearly  destroyed,  all  Europe,  and  a  great  part  of 
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northern  Africa,  felt  the  shock  more  or  less  severely  : 
its  effects  were  also  sensible  across  the  Atlantic,  both 
in  the  United  States  and  the  West  Indies.  Incredible 
as  it  may  seem,  one  fourth  of  the  northern  hemi- 
sphere was  agitated  by  the  same  earthquake.  The 
bed  of  the  Atlantic  was  raised  above  the  surface  of 
the  ocean,  and  flame  and  vapour  were  discharged : 
this  was  observed  by  vessels  at  sea.  If  we  take  a 
terrestrial  globe,  and  cover  those  parts  of  it  that  were 
thus  affected  by  the  earthquake  with  black  crape, 
we  shall  obtain  a  more  distinct  idea  of  the  extent  of 
Bur&ce  shaken*  than  a  mere  verbal  description  can 
convey.  This  appears  to  have  been  one  of  the  most 
severe  shocks  thi^  the  old  continent  had  experienced 
for  several  centuries.  <  The  cause  which  could  efifect 
a  simultaneous  concussion  over  such  a  vast  extent, 
must  probably  have  been  seated  nearly  midway,  be- 
tween the  centre  of  the  globe  and  its  sur&ce. 

It  has  been  remarked,  that,  in  general,  earthquakes 
are  more  severely  felt  in  mountainous  than  in  low 
countries :  this  miglit  be  expected,  from  the  structure 
of  the  earth.*  In  alpine  districts,  the  prunary  moun- 
tains are  not  pressed  with  the  incumbent  mass  of 
secondary  rocks;  and,  consequently,  in  such  situa- 
tions, the  resistance  to  a  force  acting  from  beneath 
will  be  much  less,  as  all  the  weight  of  secondary 
rocks  is  removed.  In  very  violent  earthquakes,  the 
secondary  strata  are  broken  or  agitated,  but  proofs 
are  not  wanting,  of  lesser  vibrations  being  stopped  by 
their  pressure.  Humboldt  says,  he  has  seen  work* 
men  hasten  from  the  mines  of  Marienbuigh,  in 
Saxony,  akrmed  by  agitations  of  the  earth  that  were 
not  felt  at  the  sur&ce.  During  the  earthquake  at 
Lisbcm,  the  miners  in  Derbyshire  felt  the  roc^  move^ 
and  heard  noises,  which  were  scarcely  perceived  by 
those  above*  That  an  expansive  force  acting  from 
beneath  is  the  proximate  cause  of  earthquakes,  can 

*  See  a  paper  on  Earthquakes,  by  the  Kev.  Mr.  Mitchell,  Philo* 
sophical  TransactionB,  1759.  ' 
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scarody  be  denied,  and  the  prodigious  power  of 
steam,  when  suddenly  generated,  seems  equal  to 
their  production,  if  the  quantity  be  sufficiently  great. 

It  is  said  that  a  single  drop  of  water  falling  into  a 
furnace  of  melted  c()))};er,  will  blow  up  the  whole 
building.  This  may  be  an  exaggerated  statemtiit, 
but  the  j)r()(ligious  force  of  steam  at  liigii  tem])eratures 
is  well  known,  and  there  can  be  no  difficulty  in  ad- 
mitting, that  if  a  current  of  subterranean  water  were 
tt)  lind  access  to  a  mass  of  lava  many  miles  in  extent, 
and  most  intensely  heated,  it  would  produce  an  earth- 
quake more  or  less  \  iok  nt,  in  proportion  to  the  quan- 
tity of  hteam  generated,  and  its  distance  from  the 
sumce.  When  the  Iiydrogen  gas  exploded  in  a  mine 
near  Workington,  in  Cumberland,  a  shock  like  that 
of  an  earthquake  was  felt  by  ships  in  the  river,  at  two 
miles*  distance. 

The  horrid  crash,  like  the  rattling  of  carriages, 
which  })recedes  earthquakes,  may  be  occasioned  by 
the  rending  of  the  rocks,  or  parting  of  the  strata, 
through  which  the  confined  vapour  is  forcing  a 
passage. 

Towns  situated  on  the  coast,  and  nearly  on  a  level 
with  the  sea,  frequently  experience  the  most  destruc- 
tive effects  from  a  sudden  rise  of  tiie  water  during 
earthquakes.  An  immense  wave  is  throw^n  with  much 
violence  over  the  liouses,  and,  on  retiring,  carries 
with  it  the  ruins  left  by  the  earthquake,  and  scatters 
them  on  the  coast,  or  deposits  them  in  the  ocean. 
Tiie  Joss  of  life  and  property  is  often  greater  from 
this  cause,  than  from  the  previous  agitation  of  the 
ground.  This  destructive  wave  is  raised  by  a  sudden 
eruption  of  gas  and  vapour  under  the  sea,  (often 
accompanied  with  flames,)  which  upheaves  the  water 
immediately  over  it,  sometimes  twenty  or  thirty  feet ; 
then  descending  nearly  as  much  below  its  level.  An 
immense  wave  is  thus  formed,  and  propelled  upon 
the  land,  then  retires  witli  grpat  violence,  and  returns 
again,  until  the  equilibrium  is  restored. 
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During  the  late  earthquake  ou  the  coast  of  Cliili, 
(February  1835,)  the  efi'ects  of  these  destructive 
waves  were  noticed  by  the  officers  of  the  Adventure 
and  Beagle,  who  were  on  a  surveying  voyage  off  the 
coast  at  tlie  time  of  tlie  earthquake.  The  earthquake 
began  at  the  city  of  Concep9ion,  at  tbrty  minutes 
past  eleven  ;  the  sky  was  clear,  and  no  notice  was 
given  of  its  approach  :  **  the  horrid  motion  increased ; 
buildings  waved  and  tottered;  sudiienly  an  awful 
overpowering  shock  caused  universal  destruction.  In 
less  than  six  seconds,  the  city  was  in  ruins.  The 
earth  opened  and  shut  rapidly  and  repeatedly  witfi 
horriUe  cracking.  Besides  a  waving  or  undulating 
inotiony  vertical,  horizontal,  and  circular  or  twisting 
motions  were  felt.  An  angular  stone  pinnacle  was 
turned  half  round,  without  being  thrown  down,  or 
leaving  its  base." —  **  At  Tabahuana,  the  great  earth- 
quake took  place  at  the  same  time,  ami  in  a  similar 
manner.  Three  houses  only  escaped  ;  the  inhabi- 
tants fled  to  the  heiglits.  When  the  sea  was  observed 
to  retire,  so  that  vessels  at  anclior  in  seven  fiithoms 
water  were  aground,  and  all  the  rocks  and  shoals  in 
the  bay  were  visible,  an  enormous  wa\e  was  seen 
forcing  its  way  between  the  western  passage,  wliich 
separates  Quinquina  Island  trom  the  main  land.  This 
immense  wave  passed  rapidly  along  the  western  side 
of  the  Bay  of  Concep9ion,  sweeping  tlic  steep  shore 
of  evety  thing  moveable,  within  thirty  feet,  vertically, 
from  the  higli-water  mark.  It  broke  over,  dashed 
along,  and  whirled  about  the  shipping,  as  if  they  had 
been  light  boats ;  it  overflowed  tlie  greater  part  of 
the  town,  and  then  rushed  back  with  such  a  torrent, 
that  almost  every  thing  moveable,  which  the  earth- 
quake had  not  buried,  was  carried  out  to  s^.  In  a 
few  minutes,  a  second  wave  returned^  more  powerful 
tlian  the  tirst.  After  another  awful  suspense  of  a  few 
minutes,  a  third  enormous  swell  was  observed  ap- 
pioacliing,  larger  than  eitlier  of  the  former  waves. 
1  wo  explosions,  or  eruptions,  were  seen  iu  die  olliug, 
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while  the  waves  were  coming  in.  One  was  seen  by- 
Mr.  Henry  Burdon  and  family,  who  were  then  em- 
barked in  a  large  boat  ^  it  appeared  to  be  a  dark 
column  oi  smoke,  in  shape  like  a  towc  j  .  Another 
arose  in  the  middle  of  the  Bay  of  San  \  incente, 
like  the  blowing  of  an  immense  imaginary  whale  :  its 
disappearanee  was  followed  by  a  whirlpool,  which 
last  eel  some  minutes  ;  it  was  hollow,  as  if  the  sea  was 
pouring  into  a  cavity  of  the  earth.  Until  alter  the 
great  waves,  the  water  in  the  bay  appeared  to  be 
everywhere  boiling:  it  also  became  black,  and  ex- 
haled a  most  disagreeable  sulphureous  smeiL  In 
Mr.  Evans's  yard  at  Tabahuana,  the  ground  swelled 
like  a  large  bubble  t  and  then,  bursting,  poured  forth 
black  sulphureous  water.  The  Island  of  Juan  Fer* 
nandez  suffered  much.  An  eruption  burst  from  the 
sea,  about  a  mile  distant  from  the  land,  where  the 
depth  is  from  fifty  to  eighty  fathoms.  Smoke  and 
water  were  thrown  out  during  tlie  day ;  flames  were 
seen  at  night  Great  waves  swept  the  shores  of  the 
idand,  aftar  the  sea  had  retired,  so  much  that  old 
anchors  were  seen  at  the  bottom  of  the  anchorage." — 
•*  l  lic  I  u  ihquake  was  felt  at  all  places  between 
Chiloe  and  (\)[)iapo,  and  between  Juan  Fernandez 
and  Meniio/a,  On  the  sea  coasts  witimi  these  limits, 
the  retiring  and  swelling  of  thv  ocaan  were  every- 
where felt.  On  the  continent,  nearly  ail  the  towns 
and  cities  between  the  parallel  of  thirty-eight  and 
thirty-five  degrees  of  latitude  were  runied.  One 
of  tlic  most  noticeable  circumstances  attendins^  this 
earthquake,  was  the  permanent  uphcavuig  ot  tiie 
ground.  The  Island  of  Santa  Maria  was  ascertained 
to  have  been  upheaved  nine  feet.  The  Beagle 
visited  this  island  twice,  to  examine  the  fact.  By 
this  elevation,  the  southern  port  of  Santa  Maria  has 
been  almost  destroyed.  The  soundings  have  dimi- 
nished a  fathom  and  a  half  everywhere  roimd  the 
island.  At  Tubal,  to  the  south-east  of  Santa  Maria» 
the  land  has  been  raised  six  feet**  See  Jowmal  of  the 
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Rot/alGeographicfil  Sociefy  of  London  ^\o\.W,  Pt.  II. 
— TliLs  account  stronLrlv  corrol)orates  the  evidence  of 
Mr.  Graham  (given  elsewliere  in  the  present  volume) 
respecting-  the  upheavement  of  the  coast  of  ChiU» 
during  the  earthquake  of  18'2^ 

All  tlie  phenomena  that  accompany  earthquakes, 
mdicate  the  intense  operation  <^  elastic  vapour,  ex- 
panding and  endeavouring  to  escape  where  the  least 
resistance  is  presented,  and  producing  vibrations  of 
die  solid  strata.  The  intimate  connection  between 
earthquakes  and  volcanic  agencv,  is  too  obvious  to 
require  much  illustration*  All  volcanic  eruptions 
are  preceded  by  earthquakes  of  greater  or  lesser 
extent;  but  all  earthquakes  are  not  attended  by 
volcanic  eruptions.  The  elastic  vapour  may  some- 
times find  vent  through  existing  fissures  and  aper- 
tures ;  or  the  aqueous  vapour  may  meet  with 
subterranean  currents  of  cold  water,  and  suddenly 
collapse,  producing  a  second  eartlupiake  in  a  con- 
trary direction.  In  connnon  language,  tlie  agitation 
of  the  ground,  wiien  the  sinfiice  is  not  broken,  is 
called  the  shock  of  an  earthquake.  Since  the  re- 
cords of  history,  tliere  have  been  no  earthquakes  in 
Great  Britam  equal  in  intensity  to  what  have  taken 
place  in  the  southern  parts  of  Europe.  In  the  year 
1S47»  a  general  earthquake  is  said  to  have  extended 
over  England ;  it  threw  down  the  church  of  St. 
Michael's  on  the  Hill,  at  Glastonbury.  The  greatest 
earthquake  recorded  in  England  took  place  Novem- 
ber 14,  1S18.  On  April  tlie  6th,  1580,  an  earth- 
quake,  felt  in  London  and  Westminster,  threw  down 
a  part  of  St.  PauPs  church,  and  the  Temple 
church.  Perhaps,  in  the  present  time,  ten  years 
seldom  elapse  without  the  shock  of  an  earthquake 
being  felt  in  some  part  ol  Great  Britain  ;  but  these 
are  too  feeble  to  require  iiistoric  notice.  We  have 
evidence,  however,  of  mighty  earthquakes  having 
shaken  the  surface  of  this  part  of  the  globe.  The 
faults  and  dislocations  of  the  stiata,  of  which  sojne . 
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account  has  been  given  in  different  parts  of  the  pre- 
sent volume,  must  Imve  been  accom])anietl,  during  tiieir 
format iou,  with  more  violent  agitation  of  the  ground 
than  any  recorded  in  history  ;  but  it  is  probable  tliat, 
at  that  perioil,  the  land  which  now  forms  Great  BritaiD, 
had  only  partially  emerged  from  the  ocean. 

Alter  the  discovery  of  the  Leyden  Phial,  many 
natural  phenomena  were  ascribed  to  electric  actioo» 
and  earthquakes  were  supposed  to  be  the  result 
of  electric  shocks,  acting  with  great  intensity  in 
the  interior  of  the  earth*  The  electric  theory  of 
earthquakes  was  soon  discarded  as  untenable;  but 
now  the  identic  of  magnetic  and  electric  a^nc^ 
seem,  in  many  respects,  to  be  established,  it  may 
deserve  consicleration,  whether  an  interruption  to  the 
magnetic  or  electric  currents  which  circulate  through 
the  earth,  may  not  sometimes  occasion  earthquakes, 
acting  almost  instiuitaneously  over  large  portions  of 
tlie  £Tlobe. 

It,  as  some  j)hilosophers  maintain,  there  is  a  centr«al 
fire  under  every  part  of  the  globe,  or  if  certain  spaces 
only  are  tilled  with  ignited  matter,  we  can  scarcely 
doubt,  that  chemical  changes  are  taking  place,  w  hich 
will  also  change  the  electrical  relations  between 
mineral  beds.  A  series  ot  strata  may  act  like  the 
plates  of  an  immense  voltaic  battery,  and  discharge 
the  electricity  from  one  internal  part  of  the  globe  to 
another,  ^citing  vibrations  that  may  agitate  a  whole 
hemisphere.  I  was  informed  by  a  gentleman  who 
resided  several  years  near  the  feet  of  the  Uimmahiays 
mountains,  that  peals  of  subterranean  thunder  were 
sometimes  h^rd,  which  resembled  atmospheric  tbun- 
der,but  were  inconceivably  louder  and  more  appalling: 
they  were  followed  by  earthquakes.  Humboldt  a&o 
mentions  the  frequency  of  subterranean  thunder  in 
some  districts  bordering  on  the  Andes. 

In  volcanic  phenomena,  we  observe  a  cause  in 
present  activity,  that  can  overthrow  mountains,  form 
.  new  islands,  and  raise  up  the  bed  of  tlie  ocean : 
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hence  the  geologist  may  infer,  that  the  same  cause, 
acting  with  greater  intensity  and  more  extensively, 
has  been  the  agenjt  employed  by  the  Author  of 
nature,  to  elevate  new,  and  submerge  ancient  conti- 
nents, and  to  change  and  renovate  the  sur&oe  of 
the  globe.  We  are  indeed  acquainted  with  no  other 
natural  agent,  that  can  have  eflfected  the  mighty 
chaises  which  the  crust  of  our  planet  has  undergone* 
The  products  of  volcanoes,  particularly  of  ancient 
ones,  are  analogous  in  their  ccmiposition  and  internal 
structure  to  the  oldest  rocks  of  granite,  sioiite,  and 
porphyry,  and  indicate,  not  obscurely,  the  mode  in 
which  those  rocks  were  formed  :  hoiicc  the  stiidv  of 
volcanoes  and  volcanic  rocks,  is  an  ini[>ortant  branch 
of  the  science  of  geology.  Werner  and  his  disciples, 
liowever,  held  that  volcanoes  were  merely  produced 
by  the  ignition  of  beds  of  coal,  in  tlie  secondary 
strata. 

Volcanoes  are  openuigs  made  in  the  earth's 
surface  by  internal  fires  j  they  regularly,  or  at  in- 
tervals, throw  out  smoke,  vapour,  iiame,  large  stones, 
sand,  and  melted  stone  called  lava.  Some  volcanoes 
throw  out  ton  ents  of  mud  and  boiling  water.  Vol- 
canoes  most  frequently  exist  in  the  vicinity  of  the 
sea  or  large  lakes,  and  also  break  out  from  unfathom- 
able depths  below  the  surfiice  of  the  ocean,  and  form 
new  islands  and  reefs  of  rock.  When  a  volcano 
breaks  out  in  a  new  situation,  it  is  preceded  by 
violent  earthquakes,  the  heated  surfiu^e  of  the  ground 
frequently  swells  and  heaves  up,  until  a' fissure  or  rent 
is  formed,  sometimes  of  vast  extent.  Through  this 
opening,  masses  ol'  rock,  with  flame,  smoke  and  lava, 
are  thrown  out,  and  choke  up  part  of  the  passage,  and 
confine  the  eruption  to  one  or  more  apertures,  round 
which  conical  hills  or  mountains  are  formed.  The 
concavity  iu  the  centre  is  called  the  crater.* 

*  Craters  formed  in  the  manner  here  described  are  called  *  Craters 
of  Eruption.'—  Craters  which  appear  to  have  been  formed  by  the 
upheaving  of  the  grotiiid,  attended  with  volcanic  Sections,  are 
called  *  Craters  of  Elevation.' 
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The  indications  of  an  approaching  eruption  from  a 
dormant  volcano^  are  an  mcrease  of  smoke  from  the 
summit,  which  sometimes  rises  to  a  vast  height, 
.  branching  in  the  form  of  a  pine-tree.  Tremendous 

explosions,  like  the  firing  of  artillery,  commence  after 
the  increase  of  smoke,  und  are  siicccudcd  bv  red- 
coloured  flames,  and  showers  of  stones.  At  length 
the  lava  flows  out  from  the  top  of  the  crater,  or 
breaks  through  the  sides  of  the  mountain,  and  covers 
the  neighbouring  j)lains  witli  meltetl  matter,  which, 
becoming  consohdated,  forms  a  stony  mass,  often  not 
less  than  some  hundred  square  mik's  in  extcTit,  and 
several  yards  in  tliit  kness.  The  eruption  of  lava  has 
been  known  to  continue  several  months.  Intensely 
black  clouds,  composed  of  a  kind  of  dark-coloured 
sand  or  powder,  improperly  called  ashes,  arc  thrown 
out  of  the  crater  after  the  lava  ceases  to  flow,  and 
sometimes  involve  the  surrounding  country  in  total 
darkness  at  noon-day.  Towards  the  conclusion,  the 
colour  of  the  volcanic  sand  changes  to  white :  it  con- 
sists of  pumice  in  a  finely  comminuted  state.  During 
an  eruption  of  iEtna»  a  space  of  one  hundred  and 
fifW  miles  in  circuit  was  covered  with  a  stratum  of 
volcanic  sand  or  ashes  twelve  feet  thick.  When  the 
lava  flows  freely,  the  earthquakes  and  explosions 
become  less  violent,  which  j)roves  that  they  were 
occasioned  by  the  confinement  of  the  erupted  matter, 
both  gaseous  and  solid.  The  smoke  and  vapour  of 
volcanoes  are  highly  electrical. 

The  quantity  ot  lava  thrown  out  during  a  single 
eruption  of  a  volcano,  seems  almost  incredible  to 
those  who  have  not  observecl  volcanic  countries. 
In  the  year  KHV,},  a  current  of  lava  from  .Etna 
covered  an  extent  of  eighty-four  square  miles ;  and 
again  in  177^ >  according  to  Dolomieu,  the  same 
volcano  poured  out  anoUicr  stream  of  lava,  twelve 
miles  in  length,  one  mile  and  a  half  in  breadth,  and 
two  hundred  feet  in  height.  The  largest  known 
current  of  modem  lava  was  formed  by  a  volcano  in 
Iceland  in  1783;  it  is  sixty  miles  in  length,  and 
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twelve  broad,  ec[ualling  in  extent  any  continuous 
rock  formation  m  England.  Hence  it  is  evident, 
that  the  seat  of  the  fire  is  not  in  the  mountain  itself, 
but  deep  in  the  earth  :  the  volcano  is  not  the  fiimac^ 
but  the  chimney ;  and  it  will  be  necessary  to  bear 
this  in  mind,  if  we  would  form  an  adequate  idea,  of 
the  extensive  efiects  of  volcanic  action.  Seneca 
a])pear8  to  have  had  a  distinct  notion  of  the  seat 
of  volcanic  fire,  when  he  remarks,  that  the  volcano 
does  not  supply  the  fire,  it  only  affords  it  a  passage, 

hi  ipso  mojite  mni  alimentuni  hahet,  sed  viam,** 
The  most  extiaordinary  volcanic  eruption  recorded  in 
history  for  the  extent  of  its  efiects,  took  place  in 
Siimbawa,  one  of  the  Molucca  Islands,  in  April,  1815, 
It  is  described  in  the  history  of  Java,  by  Lieutenant- 
Go  vcni  or  Raffles. 

"  This  eruption  extended  perceptible  evidences  of 
its  existence  over  the  whole  of  the  Molucca  Islands, 
over  Java,  a  considerable  portion  of  Celebes,  Sumatra, 
and  Borneo,  to  a  circumference  of  a  thousand  statute 
miles  from  its  centre,  by  tremulous  motions  and  the 
report  of  explosions ;  while  within  the  range  of  its 
more  immediate  activitjr,  embracing  a  space  of  three 
hundred  miles  around,  it  produced  the  most  astonish- 
ing effects,  and  excited  the  most  alarming  apprehen- 
sions.  In  Java,  at  the  distance  of  three  hundred 
miles,  it  seemed  to  be  awfully  present.  The  sky  was 
overcast  at  noon-da  v  with  clouds  of  ashes ;  the  sun 
was  enveloped  in  an  atmosphere,  whose  '  palpable' 
density  he  was  unable  to  penetrate ;  showers  of 
ashes  covered  the  houses,  the  streets,  ami  the  fields, 
to  the  depth  of  several  inches  ;  and  amid  this  dark- 
ness, explosions  were  heard  at  intervals,  like  the 
report  of  artillery  or  the  noise  of  distant  thunder.  So 
fully  did  the  resemblance  of  the  noises  to  the  report  of 
cannon  impress  the  minds  of  some  officers,  that,  from  . 
an  apprehension  of  pirates  on  the  coast,  vessels  were 
despatched  to  afibrd  relief.  Superstition  on  the  other 
hand  was  busily  at  work  on  the  minds  of  the  natives^ 
and  attributed  the  reports  to  an  artillery  of  a  different 
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description  to  that  of  pirates.    All  conceiTed  that 

the  effects  experienced  iniglit  be  caused  by  eniptioDS 
of  some  of  the  numerous  volcanoes  on  the  i>l;;iul  ;  but 
no  one  could  iiave  conjectured  that  the  showers  ora-»hes 
which  darkened  the  air  and  covered  the  eround  ot  the 
eastern  di  ricts  of  Java,  could  have  proceeded  from 
a  mountain  of  Sunibawa,  at  the  dUtance  of  several 
huiulrecl  miles." 

'i'lie  lieutenanl-«^o\  ernor  ot  Java  (firected  a  circular 
to  the  dilieient  residents,  requiring  them  to  transmit 
to  the  governor  a  statement  of  the  facts  and  circum- 
stances cnnrM>cted  with  this  eruption.  The  most 
remarkabie  circumstance  attending  this  eruption,  is 
the  distance  at  which  the  explosions  were  neaid  in 
the  islands  of  the  Indian  Sea.  From  Sumbawa*  to 
the  part  of  Sumatra  where  the  sound  was  noticed,  is 
about  nine  hundred  and  seventy  geographical  miles. 
From  Sumbawa  to  Temate»  is  a  distance  of  about 
seven  hundred  and  twenty  miles.  The  distance  to 
which  the  cloud  of  ashes  was  carried  so  thickly,  as  to 
produce  utler  darkness,  was  clearly  pointed  out  to  be 
the  Island  of  Celebes,  and  the  district  of  Grisik  in  • 
•  Java  ;  the  former  two  hundred  and  seventeen  nautical 
miles  m  a  direct  hue,  the  ktter  more  than  three  hun- 
dred geographical  miles."  The  greatest  distance  at 
which  the  eruption  of  any  volcano  had  been  previously 
heard,  is  six  hundred  miles  :  according  to  M.  Hum- 
boldt, the  explosions  from  Cotopaxi  are  sometimes 
sensibly  heard  at  that  distance  from  the  volcano* 
which  is  one  of  tlie  largest  and  highest  in  the 
American  continent. 

The  long  period  of  repose  which  sometimes  takes 
place  between  two  eruptions  of  the  same  volcano,  is 
particularlv  remarkable.  From  the  building  of  Rome 
to  the  79th  year  of  the  Christian  era,  no  mention  is 
made  of  Vesuvius,  though  it  had  evidently  been  in  a 
prior  sUite  of  activity,  as  Herculaneum  and  Pompeii, 
which  were  destroyed  by  the  eruption  of  that  year, 
are  paved  with  lava.  From  the  12th  to  the  l6th 
century  it  remained  quiet  for  nearly  four  hundred 
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years,  and  the  crater  was  overgrown  witli  lofty  trees. 
The  crater  was  descended  by  liracchini,  an  ItaHan 
writer,  prior  to  the  great  eruption  of  Ki.Jl  :  the  bot- 
tom was  at  tliat  time  a  vast  phiin,  surrounded  by 
caverns  and  grottoes.  .Etna  has  continued  burning 
since  tlie  time  of  the  poet  Pindar,  with  occasional 
intervals  of  repose,  seldom  exceediug  thirty  or  forty 
years. 

The  eruptions  of  the  Peak  of  Tenerifie  have  been 
very  rare  during  the  last  two  centuries.  Accordii^ 
to  Humboldt,  the  long  intervals  of  repose  appear  to 
characterize  volcanoes  highly  elevated.  Stromboli, 
which  is  one  of  the  lowest,  is  always  burning  ^  the 
eruptions  of  Vesuvius  are  rarer,  but  still  more  frequent 
than  those  of  JStna.  The  colossal  summits  of  the 
Andes,  Cotopaxi,  and  Tungurahua,  scarcely  have  an 
eruption  once  in  a  century.  The  Peak  or  TenerifFe 
seemed  to  be  extinguished  for  ninety-two  years,  when 
it  made  its  last  eruption  by  a  lateral  opening  in  1798. 
In  this  interval  Vesuvius  had  sixteen  eruj)tions.'* 
11  le  greatest  eruptions  of  lava  from  Aitivd  and 
Vesuvius  are  always  from  the  sides  of  these  moun- 
tains, but  these  lateral  eruptions  hnish  by  an  ejection 
of  ashes  and  flames,  from  the  crater  at  the  summit  of 
the  mountain.  In  the  Peak  of  Teneriffe,  an  eruption 
of  lava  from  the  summit  has  not  taken  place  for  ages  $ 
and  in  the  recent  great  eruption  of  1798,  the  crater 
remained  inactive,  nor  did  its  bottom  fall  in. 

The  observation  of  M.  Humboldt,  that  ioflv 
volcanoes  have  the  longest  periods  of  repose,  win 
not  be  found  universally  correct  The  small  volcano 
of  Vulcano,  one  of  the  Lipari  islands,  was  in  a  dor- 
mant state  for  thirteen  hundred  years,  while  the  vol- 
cano of  Popocatapetl,  fourteen  leagues  from  Mexico, 
which  is  nearly  eighteen  thousand  feet  above  the 
level  of  the  sea,  seems  to  be  in  a  state  oi^  con.^L.iijL 
activity.  It  was  ascended  by  Lieutoiant  William 
Glennie,  in  18^27.  "The  volcano  rises  from  a  country 
that  is  8216  feet  above  the  sea ;  its  sides  are  thickly 
wooded  witli  pine  ibrests  to  the  heiglit  of  nearly 
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13,01)0  ibet :  beyond  this  altitude  vegetation  ceased 
eiUirelv     The  ixround  consisted  of  loor.e  black  sand 
of  considerable  depth,  in  which  numerous  frai^ents 
ofpiiinice  and  basalt  were  dispersed  ;  above  this  were 
.s'.'\  ei  al  ]>rojecting  ridges  of  loose  fragments  of  basalt, 
arranged  one  above  another.    At  the  summit,  tiie 
mercury  subsided  to  15*63  inches.    The  crater  ap» 
peared  to  extend  one  mile  in  diameter ;  the  interior 
walls  consisted  of  masses  of  rock,  arranged  perpen- 
dicularly, and  marked  by  numerous  vertical  channels, 
in  many  places  tilled  w  ith  black  sand.    Four  hori- 
zontal circles  of  rock,  differently  coloured,  were  also 
noticed  within  the  crater.    From  the  ed^^es  of  the 
latter,  as  well  as  from  its  perpendicular  walls,  several 
small  columns  of  vapour  anse,  smelling  strongly  of 
sulphur.    The  noise  was  incessant,  resembhng  that 
heard  near  the  sea  shore,  during  a  storm.  At  intervals 
of  two  or  three  minutes,  the  sound  increased,  followed 
by  an  irruption  of  stones  :  the  larger  fell  again  into 
the  crater,  the  smaller  were  projected  into  the  ravine 
whicli  we  had  ascended." 

The  volcano  of  Poj)ocatapetl  is  perhaps  the  loftiest 
active  \'olcano  that  has  been  ascended,  and  yet, 
according  to  Humboldt,  it  sometimes  pours  out  cur- 
rents of  lava  from  tlie  summit. 

Those  who  are  acquainted  with  hydrostatics,  and 
know  the  immense  power  that  would  be  required  to 
raise  even  a  colunm  of  water  from  the  level  of  the 
sea  to  the  'top  of  Popocatapetl,  JEtna,  or  Teneriffe, 
will  not  be  surprised,  that  the  lava  forces  itself  out  of 
the  sides,  and  rarely  rises  to  the  top  of  the  crater,  in 
lofly  volcanic  mountains.  It  has  been  calculated,  that 
the  force  required  to  raise  a  column  of  lava  to  the 
heigiit  of  the  summit  of  Teneriffe,  (twelve  thousand 
five  hundred  feet,)  would  be  equal  to  that  of  one 
thousaiul  atmospiicres ;  and  M.  Daubuisson,  who  has 
made  the  calculation,  states,  that  it  an  opening  were 
effected  in  the  volcano  at  the  level  of  the  sea,  under 
the  above  pressure,  the  lava  and  stones  would  be 
forced  out  witli  a  velocity  equal  to  two  hundred  and 
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seventy  metres,  or  eight  hundred  feet  per  second. — 
Tom.  i.  p.  [JS, 

The  elevation  of  volcanic  craters  varying,  as 
Humboldt  observes,  from  six  hundred  to  ei^teen 
thousand  feet,  must  not  only  influence  the  frequency 
of  their  eruptions,  but  must  modify  also  the  quality 
of  the  substance  ejected.  —  **  Some  volcanoes  only 
eject  lava  from  their  sides,  like  Teneriffe,  although 
it  has  a  crater  on  its  summit;  others  have  lateral 
eruptions,  as  I  observed  at  Antisana  in  Quito,  at  the 
height  of  thirteen  thousand  feet,  and  their  summit 
has  never  been  ])i c  reed.  Others  equally  hollow  in 
their  interior,  as  many  phenomena  iiulicatc,  act  only 
mechanically  on  the  surrounding  coinitiy,  breaking 
the  strata  and  changing  the  surface  ot"  tlie  soil.  Thus 
the  volcanic  mountain  of  Chimborazo,  with  its  dome 
of  volcanic  j)orphyry  (^trachyte\  at  the  height  of 
twenty-two  thousand  two  hundred  feet,  has  no  per- 
manent a])erture  on  its  summit  or  its  sides  :  the  small 
crater  by  which  its  eruptions  are  effected,  is  placed 
on  the  Flain  of  Calpi.  The  volcano  of  Pichinca, 
fifteen  thousand  feet  high,  and  which  I  have  parti- 
cularly studied,  has  never  ejected  a  current  of  lava 
since  the  excavation  of  the  ])resent  valleys.  On  the 
contrary,  the  volcano  of  Popocatapetl  in  Mexico, 
sixteen  hundred,  or  according  to  Lieutenant  Glennie 
near  eighteen  hundred  feet  in  height,  pours  out 
narrow  currents  of  lava,  like  those  from  the  smaller 
volcanoes  of  Auvergne  or  Italy." 

Submarine  Volcanoes. — Volcanoes  that  burst  forth 
under  the  sea,  are  preceded  by  a  violent  boiling  and 
agifcition  of  the  water,  and  by  the  discharge  of  volumes 
of  gas  and  vapour,  which  take  tire  and  roll  in  slieets 
of  flame  over  the  surface  of  the  waves.  Masses  of 
rock  are  darted  through  the  water  with  great  violence, 
and  accumulate  till  they  form  new  islands.  Sometimes 
the  crater  of  the  volcano,  rises  out  of  the  sea  during 
an  eruption.  In  I'^i^S  a  submarine  volcano  broke  out 
near  Iceland,  wliich  formed  a  new  island ;  it  raged 
with  gi*eat  fury  for  several  months.    The  island  aiter- 
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wards  sunk,  leaving  only  a  reef  of  rocks.  In  December 
1720,  a  violent  earthquake  was  felt  at  Tercera,  one 

of  the  Azores;  the  next  morning  a  new  island  nine 
miles  in  circumference  was  seen,  from  the  centre 
of  which  rose  a  .column  of  smoke  :  it  afterwards 
sunk  to  a  level  witli  the  sea.  A  small  island  was 
formed  in  1811  by  a  submarine  volcano  at  a  little 
distxancc  li  om  St.  Michael's,  one  of  the  Azores :  it 
was  a  mass  of  black  rock,  described  by  the  capUiin  of 
the  Sabrina  frigate,  who  witnessed  its  formation,  to  be 
equal  in  height  to  the  high  Tor  at  Matlock.  A  gen- 
tleman who  visited  the  Azores  in  1815,  informs  me 
that  it  has  sunk  down  and  disappeared :  there  is  now 
eighty  fathom  water  in  the  place. 

Near  Santorini»  in  the  Grecian  Archipelago,  sub* 
marine  volcanoes  have  repeatedly  burst  forth  during 
the  last  two  thousand  years,  and  formed  several  new 
islands :  three  of  the  ancient  eruptions  are  recorded 
by  Pliny,  Strabo,  and  Seneca.  Tne  last  eruption  was 
in  the  year  I7G7. 

So  recently  as  the  year  1831,  a  submarine  volcano 
broke  out  not  far  from  the  island  of  Sicily,  attended 
with  all  the  phenomena  before  described.    It  was 
visited  by  some  French  geologists  in  September, 
soon  after  the  eruj)tions  had  so  far  subsided  as  to 
allow  tiiem  to  land.    Its  circumference  was  found 
by  measuitinent  to  be  seven  hundred  and  eigiity 
yards,  its  height  about  two  hundred  and  twenty  ieet. 
It  appeared  to  be  composed  entirely  of  scorisB  and 
loose  volcanic  fragments ;  in  the  centre  of  these  were 
some  hard  globular  blocks  of  lava,  but  the^'  appeared 
to  have  been  projected  from  the  crater.  1  he  borders 
of  the  crater  were  about  two  hundred  feet  high  on  one 
side,  and  about  forty  on  the  other ;  the  bottom  was 
filled  with  orange-coloured  water,  and  covered  with  a 
thick  froth.   White  Vanours  issued  continually,  not 
only  from  the  surface  of  tlie  water,  which  appeared  to 
be  ip  a  stale  of  ebullition,  but  from  innumerable 
fissures  in  the  whole  ground,  and  from  the  adjacent 
sea.    The  black  sand  on  one  side  of  the  island,  tor 
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about  fifty  or  sixty  feet,  a])peared  burning.  Bubbles 
of  gas  or  vapour  rose  apparently  from  tlic  interior  of 
the  earth,  and  they  tlircw  up  with  a  slight  detonation 
volcanic  sand  and  })articies.  This  volcanic  island  had 
risen  from  the  deptli  of  about  five  or  six  lumdred 
feet  below  the  sunace  of  the  sea.  M.  Prevot  states 
his  belief^  that  this  volcano  ejected  currents  of  sub- 
marine lava,  and  though  the  island  is  composed 
of  scoriae  and  iragments  thrown  out  of  the  cratey 
(which  is  what  the  French  denominate  a  Crater 
ErupHon^)  yet  that  it  was  preceded  by  an  upheaving 
of  the  soil  (90filioement\  and  that  there  is  a  beft 
of  rocks  at  the  base,  which  are  the  border  of  a  crater 
of  elevation  (crat^re  de  souUoement).  M.  Prevot 
anticipated,  that  owing  to  the  loose  materials  of 
which  this  island  is  composed,  it  would  not  long 
resist  the  action  of  the  waves.  Indeed  the  island 
appeared  to  have  suffered  considerable  degradation 
before  the  French  geologists  landed,  tor  Ca[)tain  Sen- 
house,  who  visl((Hl  it  tlie  preceding  month,  August  3, 
stated  its  circumterence  to  be  about  one  mile  and  a 
quarter.  According  to  Captain  Swinburne,  who 
observed  some  of  the  earliest  eruptions  from  this 
volcano  on  the  19tli  of  July,  the  external  diameter 
of  the  crater  was  estimated  at  from  seventy  to  eighty 
yards*  it  was  not  then  more  than  about  twenty  feet 
above  the  sea.  The  agitated  water  in  the  crater 
escaped  by  an  opening  on  one  side :  he  says,  After 
die  volcano  had  emitted  for  some  time  its  usual 
quantities  of  white  steam,  suddenly  the  whole  aperture 
was  filled  with  an  enormous  mass  of  hot  cinders  and 
dust,  rushing  upwards  to  the  height  of  several  hun- 
dred feet,  with  a  loud  roaring  noise  ;  then  falling 
into  the  sea  on  all  sides,  with  a  still  louder  noise. 
Renewed  explosions  of  hot  cinders  and  (hist  were 
quickly  succeeding  each  other,  while  forked  lightning, 
accompanied  by  rattling  thunder,  darted  from  all 
directions  witliin  the  column  now  darkened  with 
dust«  greatly  increased  in  volume,  and  distorted  by 
sudden  gusts  and  whirlwinds."   Tiie  latitude  of  this 
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island  is,  or  rather  was,  37°  11' north,  and  ioogiiude 

cast  IT  H'. 

At  the  beginning  of  January  in  tiie  followiniz  year 
the  top  ol'  tlie  island  was  somewhat  below  the  surr'ace 
of  the  sea,  and  at  the  latter  end  of  February  sound- 
ings had  been  made  at  different  times,  which  di>co- 
\'er(  (1  depths  of  from  fifly  to  one  hundred  and  6ily 
feet,  from  the  suiface  of  the  sea  to  the  cone  of  the 
volcano.  This  sudden  sinking  down  of  the  voIguioi» 
must  be  attributed  to  the  subsideqce  of  the  gromid 
beneath  it. 

Volcanic  Eruptions  qf  Water  and  Mud. — Some 
volcanoes  in  Euro^)e,  and  many  in  the  Andes,  tiirow 
out  aqueous  torrents  intermixed  with  mud  and  stones^ 

indeed,  tlic  American  volcanoes  more  frequenthr 
eject  nuid  than  lava.  Eruptions  of  water  from  .Yau  j. 
and  Vesuvius  are  rare,  and  some,  whicii  have  !)ecn 
described  as  iiowing  from  the  crater  of  the  former, 
have  been  merely  the  torrents  of  melted  water  from 
snow  on  its  sunnnit.  The  volcano  of  Macaluba,  in 
Sicily,  presents  the  ])henomena  of  mud,  water,  and 
stones  thrown  out  of  the  crater.  Ferrara  describes 
an  alarming  eru])tion  which  took  place  on  the^th  of 
September,  1777* — "Dreadful  noises  were  heard 
all  around ;  and  from  the  midst  of  the  plain,  in  which 
was  formed  a  vast  gulf,  an  immense  column  of  mud 
arose  to  the  height  of  about  one  hundred  feet,  which, 
abandoned  by  the  impulsive  force,  assumed  the  ap- 
pearance of  a  large  tree  at  the  top.  In  the  middle, 
stones  of  all  kinds  and  sizes  were  darted  violently 
and  vertically,  within  the  body  of  the  column.  This 
terrible  explosion  lasted  half  an  hour,  when  it  became 
quiet;  but  alter  a  few  miiuites  resumed  its  course, 
and  with  these  intermissions  continued  all  the  day. 
During  the  time  of  this  ])henomenon,  a  pungent 
odour  of  sulphiuetted  hydrogen  gas  was  perceived  at 
a  great  distance,  to  the  surprise  of  the  inhabitants, 
who  did  not  dare  to  approach  this  sj)ot  on  account  of 
the  horrible  noises.  But  niany  came  tlie  tbilowing 
day,  and  found  tliat  the  new  great  orifice  had  ejected 
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several  streams  of  liquid  clialk  (creta),  which  had 
covered,  with  an  ashy  crust  of  many  t"eet,  all  the  sur- 
rounding space,  filling  the  cavities  and  chinks.  The 
hard  substances  ejected,  were  fragments  of  calcareous 
tufa,  of  crystallised  gypsum,  pebbles  of  quartz,  and 
iron  pyrites,  which  had  lost  their  lustre,  and  were 
broken  in  pieces.  All  these  substances  form  the 
outward  circuit  at  this  day.  The  unpleasant  smell 
of  sulphur  still  continued,  and  the  water  which 
remained  in  the  holes  was  hot  for  many  months  j 
while  a  keen  smell  of  burning  issued  from  the  nume- 
rous orifices  around  the  great  gulf»  which  is  now 
completely  filled.*' 

Tne  damage  which  aqueous  and  muddy  eruptions 
in  the  Andes  occasions,  is  often  prodigiously  great. 
Sometimes  the  deluge  of  water  attending  a  volcanic 
explosion  does  not  come  from  the  interior  of  the 
earth,  but  from  tlie  snow  which  covers  the  mountain 
being  rapidly  dissolved ;  but  in  other  instances  it 
proceeds  from  tlie  crater.  Interior  cavities  of  vast 
extent  and  depth,  containing  water,  are  opened 
during  an  eruption,  and  the  water  coming  into  con« 
tact  with  ignited  lava,  is  forcibly  driven  out,  and, 
according  to  Humboldt,  carries  along  with  it  a  great 
quantity  of  small  fishes,  which  he  has  denominated 
pimeiodes  C^ciopim*  These  fishes  are  about  four 
inches  in  length,  and  are  of  the  same  species  that 
inhabit  the  neighbouring  brooks  and  lakes :  the 
number  thrown  out  is  sometimes  so  great,  that  theur 
putrefaction  contaminates  the  air,  and  occasions 
serious  maladies  among  the  inhabitants  of  the  adja* 
cent  country. 

Though  tlie  water  ejected  from  volcanoes  may  in 
many  instances  be  regarded  as  of  accidental  occur- 
rence, I  conceive  it  to  be  different  with  those  muddy 
eruptions,  which  cover  large  tracts  of  country  with 

*  It  ouglit  to  be  stated,  that  the  eustenoe  of  internal  cavities 
fiUed  with  water  supplied  from  the  melted  snow,  is  an  inference 
from  Tolcanic  plicnomena,  which,  however  reasonable  it  may  appear, 
it  is  impossible  to  prove. 
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stratii  containing  bitnminous  or  inflammable  matter : 
these  strata  are  as  essentially  volcanic  products,  as 
the  matter  thrown  out  of  the  volamo  of  Maciduba  in 
Sicily,  which  never  ejects  hiva  ;  and  we  are  lience 
instructed,  that  one  of  the  substances  wiiich  j)romotes 
volcanic  combustion,  is  bitumen  or  carbon.  The 
muddy  eruptions  in  the  Andes,  when  first  ejected, 
have  httle  consistency  or  tenacity ;  but  they  soon 
become  hard»  and  form,  what  is  called  bv  the 
inhabitants  mq^a ;  it  is  dark  coloured  and  soils  the 
fingers,  and  is  used  instead  of  turf  for  fuel. 

Boiling  sj  iingSy  and  thermal  waters,  must  be 
classed  with  volcanic  phenomena,  (or  it  can  scarcely 
be  doubted,  that  the  geysers  in  Iceland,  which  throw 
up  columns  of  boiling  water  at  intervals,  to  the  height 
of  seventy  or  eighty  feet,  are  occasioned  by  the  sub- 
terranean fires  which  extend  under  that  island.  To 
the  same  cause  must  be  ascribed  tlie  boiling  fountains 
in  tlie  island  of  St.  Michael,  one  of  the  Azores.  The 
hot  springs  in  the  vicinity  of  tlie  Pyrenees,  in  Italy, 
and  in  other  ])arts  of  the  world,  may  witli  nuich  pro- 
bability be  suj)])()sed  to  have  a  similar  source  of  heat. 
The  unvaried  equality  of  their  temperatures  for  cen- 
turies, proves  that  this  source  lies  flrr  below  the 
agency  of  those  causes  which  operate  on  the  surface. 
It  has  been  remarked,  that  hot  springs  are  most 
frequent  in  volcanic  and  basaltic  countiies.  Though 
no  active  volcano  exists  in  the  Pyroiees,  M.  Dralet, 
in  his  Description  des  Ptfrenies,  says,    that  the  hot 

Srin^  and  frequent  earthquakes  in  different  parts 
this  'chain,  ofler  proofi  of  the  present  operation  of 
subterranean  fires.**   I  have  described  the  thermal 
waters  of  the  Alps  in  the  secoifd  volume  of  my 
Travels  in  die  Tarentaise,**  and  in  Chap.  V.  of  the 
present  work. 

Chroups  of  Volcanoes, — Volcanoes  frequently  occur 
in  groups,  sometimes  arranged  along  a  line,  a.s  if  they 
had  originally  been  formed  over  one  vast  chasm,  like  the 
minor  volcanoes  on  the  sides  ol'  ^Ltua  ;  sometimes 
they  are  dispersed  irregularly  over  the  surface,  and 
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sometimes  they  are  isolated  like  iBtna,  and  the  Peak 
of  Teneriffe. 

The  volcanoes  in  South  America,  Humboldt  ob- 
serves, instead  of  being  isolated  or  dis])erscd  in  irre- 
gular groups  as  in  Europe,  are  arranged  in  rows,  like 
the  extinct  volcanoes  of  Auvergne,  or  the  volcanoes 
of  Java  ;  sometimes  in  one  line,  and  sometimes  in  two 
parallel  lines.  These  lines  are  generally  in  the  same 
direction,  as  tlie  chain  of  the  Cordilleras,  but  some- 
times (as  in  Mexico)  they  form  an  angle  with  it  of 
70**«  The  volcanoes  of  Mexico,  he  furlher  observes, 
are  placed  in  a  narrow  zone,  between  latitude  18°  59' 
and  19°  12'.  This  he  regards  as  a  vast  chasm,  seven 
hundred  and  fifly  miles  in  length,  extending  from 
the  coast  of  the  Atlantic  to  that  of  the  PaciAc,  and  to 
the  islands  of  Revillagiedo  in  the  same  direction. 

Our  knowledge  of  volcanic  geogi  aphy  is  at  present 
imperfect*  but  among  tlie  principal  volcanic  groups  and 
ranges,  the  following  may  be  briefly  enumerated : — 

In  the  Azores  there  are  no  less  than  forly-two 
active  or  dormant  volcanoes  ;  and  submarine  volcanoes 
not  unfrequently  break  forth  in  their  vicinily.  Almost 
all  the  other  islands  in  the  Atlantic,  and  many  oi'  the 
West  Indian  islands,  are  volcanic.  Numerous  islands 
in  the  Pacific  Ocean  and  the  ludian  Seas  have  large 
volcanoes.  In  tlie  island  of  Java,  alone,  tiiere  is  a 
range,  consisting  of  thirty-eight  large  volcanic  moun- 
tains, some  of  which  are  at  present  in  an  active  state  ; 
they  are  detached  from  eacli  olhcr,  and  though  some 
of  them  are  covered  by  the  vegetation  of  many  ages, 
tlie  indications  of  their  former  eruptions  are  numerous 
and  unequivocal. 

Numerous  volcanoes  exist,  near  or  within  the 
arctic  circle,  in  Kamschatka,  in  Greenland,  and  in 
Iceland.  A  range  of  active  or  dormant  volcanoes 
extends  from  the  southern  extremity  of  America  to 
the  northern,  alons  a  line  of  six  thousand  miles  in 
length.  Of  the  vdcanoes  in  northern  Asia,  or  the 
interior  of  Africa,  we  have  little  information,  and  the 
volcanoes  covered  by  the  sea  cannot  be  estimated  j 
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but  from  the  above  statementf  we  are  authomed  in 

believing,  that  volcanic  fires  are  more  extensively 
oi)crati\o,  than  many  geologists  are  ilisposed  to 
admit. 

Many  facts  mif^ht  be  cited,  to  prove  the  con- 
nection which  exists  between  volciinoes  at  a  vast 
distatico  from  each  other.  In  1783,  when  a  Mibma- 
rine  volcano  near  Iceland  suddenly  ceased  its  erup- 
tions, a  volcano  broke  out  two  Inmdretl  miles  distant, 
in  tlic  interior  of  the  island.  On  the  nii^ht  in  which 
Lima  and  Cullao  were  destroyed  by  an  earthquake^ 
four  new  volcanoes  broke  out  in  the  Andes.  The 
source  of  volcanic  fire  is  seated  deep  under  the  sur- 
face of  the  earth:  were  it  not  so,  the  ground  in  the 
vicinity  of  volcanoes  would  sink  down,  ^tna  has 
continued  to  pour  out  streams  of  kva  for  three 
thousand  years ;  and  Stromboli  has  had  daily  eruptions 
for  nearly  as  long  a  period.* 

Destruction  of  Volcanoes^  —  There  are  some  in- 
stances of  volcanoes  having  been  entirely  enc^ulfed  in 
the  chasms  beneath  them.  The  volcano  of  the  Pic 
in  the  Island  of  Timore,  one  of  the  Moluccas,  is 
known  to  have  served  as  a  prodigious  watch-light, 
which  was  seen  at  sea  at  liie  distance  of  three  hundred 
miles.  In  the  vear  H)3S,  the  mounUiin  durint^  a 
violent  eruj)tion,  entirely  tUsappeared,  and  in  its  place 
there  is  now  a  lake.  Manv  of  the  circular  lakes  in 
the  soutli  of  Italy  are  suppoiied  to  have  been  formed 

*  Since  the  period  of  authentic  history,  no  great  cliangcs  liave 
taken  place  in  the  country  round  i^tna;  but  it  appears  from 
VirgiU  at  well  aa  from  a  passage  in  Stiabo  before  quoted,  thai  an 
ancient  tradition  existed  of  the  sudden  separation  of  Sidly  fton 
Italy. 

"  H:rr  loea,  vi  quondam  et  vastu  convulsa  ruina 
Dissilui-;^^!'  ftTunt :  cxim  ]irofiiius  utraque  tellus 
Una  tori't,  vcnit  nuMlio  vi  pontus,  et  undis 
Hesperium  Siculo  latus  abscidit :  arvaque  et  urbes 
Littore  didnetas  angusto  intertuit  esta.        ufiW.  I.  in. 

Probably  tiiis  separation  took  place  when  /Etna  eniergeil  from 
the  ocean :  tlic  occurrence  of  beds  of  lime<»tone  with  shells  upon 
its  sides,  proves  that  it  was  originally  a  submarine  volcano. 
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by  the  sinking  down  of  volcanoes ;  but  the  best 
authenticated  account  we  have  of  the  destruction  of 
a  volcaDic  mountsiiiy  is  given  by  Governor  Raflles  in 
his  History  o£  Java. 

The  rapandayangy  situated  at  the  western  part 
of  the  district  of  Cheribor,  in  the  province  of  Suka^ 
pura,  was  fbrmerly  one  of  the  largest  volcanoes  in 
the  island  of  Java ;  but  the  greatest  part  of  it  was 
swallowed  up  in  the  eartli,  after  a  short  but  very 
severe  combustion  in  the  year  I772.  The  account 
which  has  remained  of  this  event  asserts,  that  near 
midnight,  between  tlie  11th  and  12th  of  August, 
there  was  observed  about  the  mountain  an  uncom- 
monly hnninous  cloud,  by  which  it  appeared  to  be 
completely  enveloped.  The  inhabitants  as  well  about 
the  fort,  as  on  the  declivities  of  the  mountain, 
alarmed  by  this  appearance,  betook  themselves  to 
flight;  but  before  tii^.  could  all  save  themselves,  tlie 
mountain  began  to  give  way,  and  the  greatest  part  of 
it  actually tSt  and  dis£q>peared  in  uie  earth.  At 
the  same  time  a  tremendous  noise  was  heard»  resem* 
hbig  the  discharge  of  the  heaviest  cannon.  Immense 
quantities  of  volcanic  substances,  which  were  thrown 
out  at  the  same  time,  and  spread  in  every  direction, 
propagated  the  effects  of  the  explosion,  through  the 
space  of  many  miles." 

**  Jt  is  estimated  that  an  extent  of  ground  of  the 
mountain  itself,  and  its  immediate  environs,  fifteen 
miles  long,  and  full  six  broad,  was  by  this  commotion 
swallowed  up  in  the  bowels  of  the  cartli.  Several 

Eersons  sent  to  examine  the  condition  of  the  neigh-*  * 
ourhood,  made  report  tlmt  tliey  found  it  impossible 
to  approach  tlie  place  where  the  mountain  stood,  on 
account  of  the  heat  of  tlie  substances  which  covered 
its  circumference,  and  which  were  piled  on  each 
other ;  although  this  was  the  Mth  of  i^ptember,  and 
dius  Ml  six  weds  after  the  catastn^e.  It  is  also 
mentknied,  that  forty  viUagas,  partly  swallowed  tip 
Iqr  the  groundi  and  pardy  covered  b^  the  substances 
^rown  out,  were  destroyed  on  this  occasion,  and 
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ibal  t#o  thduaand  nine  himdved  and  fifVy-sevcn  of 

the  inhabitants  perished.  A  proportionate  number  of 
cattle  was  also  destroyed,  and  most  of  tlie  plantations 
of  cotton,  indigo,  and  coffee,  in  tlie  adjacent  districts, 
were  buried  under  the  volcanic  matter.  The  effects 
of  this  explosion  are  still  very  apparent  in  the  remains 
of  this  volcano." 

Ancient  Extinct  Volcanoes. — However  powerful 
the  effects  of  subterranean  fire  may  be  in  various 
parti)'  of  the  globe,  we  must  conclude,  from  the  remains 
of  ancient  volcanoes,  that  in  a  former  period,  the 
action  of  volcanic  fire  baa  been  fiur  more  extenaive 
and  intoiae  than  at  present. 

Aooording  to  Breislak,  an  Italian  geologist,  in  a 
qpaoe  of  twenty  miles  in  length  and  ten  in  breadtfa» 
b^ween  Naples  and  Oumea,  there  are  no  \em  than 
noitf  cfatcm;  some  of  tliem  are  laiger  than  that  of 
Vesuvius.  One  of  them  is  two  mues  in  diameter. 
The  dtf  of  Cumea,  founded  twelve  hundred  yeera 
before  toe  Christian  era,  is  built  in  the  oiater  of  n 
ancient  volcano. 

In  otiier  parts  of  Italy,  there  are  undoubted  vestiges 
of  ancient  volcanoes.  In  Sicily,  there  arc  a  number  of 
extinct  volcanoes,  beside  those  connected  with  ^tna. 
Many  islands  in  the  Grecian  Archipelago  are  volcanic. 
There  are  remains  of  large  volcanic  craters  in  Spain 
and  Portugal ;  and  the  extinct  volcanic  mountains  in 
the  middle  and  southern  parts  of  France,  cover  several 
thousand  square  miles.  On  the  eastern  banks  of  the 
Rhine,  and  the  environs  of  Andemach,  there  are 
numerous  extinct  volcanoes* 

It  is  further  to  foe  noticed,  that  the  cmteiB  of 
ancient  volcanoes*  are  many  of  them  of  fiur  grvaitr 
size  than  the  present  ones.  Vesuvius  is  a  compam* 
tively  small  cone»  raised  withm  the  crater  of  a  fattger 
vekano^  The  cone  of  the  Peak  cf  Teneri«»  accaid 
vag  to  the  description  of  traveUers,  atanda  '^Mam.m 
vdcaoie  pban,  oontuning  twelve  square  laagnct  of 
flotfim^  sonroiinded  by  peipendicuhur  prteipioea'anil 
mountains,  which  were  the  bolder  it  the  ancient 
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crater.  If  the  opinion  of  M.  Humboldt  be  correct; 
all  these  craters  are  diminutive  apertures,  compared 
with  the  immense  ciiasms  through  which,  in  remote 
a^es,  subterranean  fire  liad  foiced  a  passage  tiirougli' 
the  crust  of  the  globe. 

The  whole  of  the  mountainooa  parts  of  QuitOy" 
he  says,  "  may  be  considered  as  one  immenie  volcaiKS 
oodming  more  than  seven  hundred  square  leagues 
of  0iiince»  and  throwing  out  flames  by  different  cones^* 
kmnm  hf  ibe  denominations  of  Cotopaxi,  Tumpi* 
rahaa»  and  Fiefaincha.  In  like  manner/*  he  adds* 
^  Ae  whole  ^roup  of  the  Canary  Islands  is  placed,  as 
it  were  on  one  submarine  volcaiio.  The  rare  finrces. 
a  passage,  sometimes  through  one  and  sometimes 
throuiih  another  of  these  islands.  Teneriffe  alone, 
contains  in  its  centre  an  immense  pyramid  terminated 
by  a  crater,  throwing  out  from  one  century  to  another 
lava  by  its  flanks.  In  the  other  Canary  Islands,  the 
different  eruptions  take  place  in  various  parts,  and 
we  nowhere  find  those  isolated  mountains,  to  whicli 
volcanic  effects  are  restrained.  The  basiiltic  crust 
formed  by  ancient  volcanoes  seems  every  where  un- 
dermined, and  the  currents  of  lava  seen  at  Lanze- 
rate  and  Palma  remind  he  adds,  "  by  every 
geological  affinity  of  the  eruption  which  took  place 
in  1301  at  the  Isle  o(  Ischia»  amid  the  tuns  of 
Epimeo/^ 

In  the  preceding  part  of  the  present  duqrter^  I 
have  endeavoured  to  give  a  succinct  account  of  die 
most  important  volcanic  phenomena.  The  onlf 
hard  crystalline  rocks  formed  in  the  present  day 
are  volcanic ;  and  if  we  trace  the  connection  that 
exists  between  modern  and  ancient  volcanic  rocks, 
and  between  the  latter  and  the  rocks  of  trap  and 
porphyry,  among  the  ancient  rock-formations,  we 
shall  extend  the  dominion  of  Pluto  over  a  large  porw 
tion  of  the  globe. 

Many  of  the  ancient  volcanic  rocks,  have  not 
flowed  in  currents  from  limited  apertures,  like  modern 
lavas.      The  volcanic  porphynes  on  the  back  olf 
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the  Coidiliens**'  sa^  M.  Hundboldt, are  iindoubl^ 
edly  of  igneous  origin ;  but  the  mode  of  their  forma- 
tion 18  not  like  that  of  modem  lavas,  which  have  been 

erupted  since  the  excavation  of  valleys.  The  action 
of  volcanic  fire  by  an  isolated  cone  or  crater  of  a 
modern  volcano,  differs  necessarily  from  the  action 
of  this  fire,  through  the  fractured  crust  of  the  globe." 
It  has  been  observed  by  the  same  geologist,  that  the 
further  back  we  can  trace  volcanic  eruptions,  tlie 
greater  is  the  similaiity  between  tlieir  products,  and 
the  rocks  which  are  regarded  as  the  most  ancient ;  — 
hence  tlie  countries  that  have  been  the  seats  of  an- 
cient volcanoes  are  particularly  intereiting  to  tlie 
geologist.  In  Auvergne,  and  the  more  southern  parts 
of  Fcancey  there  arc  extinct  volcanoes  of  difiBerent 
ages,  covering  witii  their  products  several  thousand 
square  miles.  The  most  recent  of  these  vdcanoes 
has  been  extinct  or  dormant  since  the  records  of 
authentic  history^  and  probably  for  a  longer  perk)d* 
JuEus  Cs8ar»  who  was  encamped  on  dbis  vdoaaic 
soil*  and  has  described  the  countrpr,  makes  no  allusion 
to  itH  having  been  the  seat  of  active  volcanoes.* 

West  of  the  town  of  Clermont,  there  is  an  extensive 
granitic  i)kiin,  rising  about  sixteen  hiiiKhcd  feet  above 
the  level  of  the  river  AUicr.  On  this  plain  there 
are  numerous  cones,  and  dome-shaped  hills,  varying 
in  height  from  twelve  hundred  to  two  thousand  feet; 
some  of  these  cones  have  well-preserved  craters,  and 
the  cones  themselves  arc  chiefly  formed  of  scoriaceous 
lava.  These  are  the  most  recent  volcanoes  of  that 
country ;  their  products  differ  in  no  respect  from 
those  of  modern  volcanoesi  except  that  the  lava  may 

*  I  visited  the  extinct  volcanoes  of  France  iu  the  spring  of  1822, 
and  poblidied  an  account  of  them  in  the  second  volume  of  my 
Traveby  aooompanied  with  euta,  and  a  aeetion  and  outline  or 

the  country  round  Clermont,  which  was,  I  believe  the  first  attempt 
to  render  in  this  manner  the  structure  of  this  volcanic  district 
intelligible  to  the  g;(  n(  ral  read<T.  Without  the  aid  of  sections 
and  diagrams,  it  is  ditiicult  to  obtain  a  distinct  notion  of  the  rela- 
tive  poattion  of  the  dffflnent  volcanic  formations. 
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oflen  be  observed  passing  to  the  state  of  compact  basalt, 
exacdy  similar  to  many  of  the  basaltic  rocks  in  Great 
Britain.  That  these  volcanoes  are  the  most  recent,  is 
proved  by  the  lava  having  flowed  down  from  them 
mto  the  present  valleys ;  and  hence  we  are  certain, 
that  the  eruptions  must  have  taken  place  subsequendy 
to  the  ^cavation  of  the  valleys*  There  are  otfier 
currents  of  lava  fiom  more  ancient  volcanoes,  that 
have  flowed  before  the  valleys  were  excavated,  and 
form  isolated  caps  on  the  hills  that  enclose  the  pre- 
sent valleys.  These  currents  of  lava  are  composed 
chiefly  of  compact  basalt :  the  position  of  these  iso- 
lated caps  of  basalt  is  similar  to  tliat  on  the  hill 
(Plate  III.  fig.  2.)  but  they  are  not  always  columnar. 
Tiie  openings  from  whence  these  becls  of  basalt 
have  flowed  cannot  be  always  traced ;  but  as  we 
can  observe  the  change  from  scoriaceous  lava  to 
basalt  in  the  currents  of  undoubted  lava,  we  cannot 
liesitate  to  admit,  that  the  basalt  which  forms  these 
caps  must  have  had  a  similar  origin*  Under  the 
caps  of  basalt,  there  are  in  many  situations  thick 
beds  of  volcanic  tufit,  containing  bitumen,  which 
will  be  subsequently  noticed.  Beside  the  volcanoes 
with  cratm,  that  have  ejected  currents  <^  scori* 
aceous  lava  and  basalt,  and  poured  them  into  the 
valleys,  and  beside  the  more  ancient  volcanoes,  that 
have  formed  beds  of  basalt  before  the  excavation 
of  the  va]le3r8,  —  there  are  other  volcanic  mountains, 
which  have  rounded  sunnnits,  or  domes,  without  any 
peribration  or  crater,  and  these  are  chiefly  composed 
of  whitish  or  grey  earthy  felspar,  containing  im- 
bedded crystals  of  felspar :  to  this  rock  the  name 
of  trachyte  has  been  given,  on  account  of  its  rough 
fracture.  It  may  be  properly  called  a  volcanic 
poq)hyry. 

The  more  recent  volcanoes,  resemble  in  every 
particular  the  existing  v<dcanoes  in  various  parts 
of  tlie  world;  and  the  currents  of  lava  may  be 
traced  from  their  sides  along  tlie  granitic  plain  on 
which  the  volcanoes  stand,  and  thence  into  the 
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adjacent  valley's  for  many  miles.  The  lava  appears 
as  fresh  as  the  recent  iavas  from  Vesuvius,  though 
it  has  been  exposed  to  the  action  of  the  atmosphere 
for  some  thousand  years.  The  Puy  de  Pariou  is 
the  most  perfect  of  these  volcanic  cones :  its  height 
above  the  level  of  the  sea  is  four  thousand  and 
twelve  feet,  and  above  the  granitic  plain  on  which 
it  restSy  is  about  one  thousand  five  hundred  feet. 
The  fidlowing  description  of  it  is  taken  from  the 
second  volume  €jS  my  Travds:  — "  We  were  one 
-hour  in  going  from  lit  Barra^ue,  a  mountain  village, 
to  the  foot  of  the  Puy  de  Fanou*  where  we  left  our 
cliar,  and  another  hour  in  ascending  to  the  summit, 
as  we  halted  several  times  to  rest  As  nearly  as  I 
could  estimate,  the  summit  of  this  mountain  rises 
about  one  thousand  feet  above  the  plain,  and  is 
therefore  about  three  thousand  eight  hundred  feet 
above  the  level  of  the  sea.  The  crater,  ^vllich  is  the 
best  preserved  of  any  in  Auvergne,  is  nearly  circular. 
I  walked  round  it,  and  its  circumferencfe  is  about 
eight  hundred  yards.  Its  shape  is  that  of  an  inverted 
cone  or  funnel,  quite  perlect.  The  edge  or  rim  of 
the  crater  is  narrow,  from  whiob  the  descent  or  slope 
is  very  rapid  on  each  side :  the  depth  of  the  crater 
from  the  highest  part  of  the  edge  (which  is  on  the 
louthem  side)  to  the  small  plain  at  the  bottom,  may 
^be  about  three  hundred  and  twenty  feet ;  and  from 
the  western  side,  about  two  hundred  and  nxty 
Eqdiah  feet  The  lava  which  flowed  from  Bsriou 
tb  lii  Barraque,  and  thence  towards  the  plain 
Clermont,  is  generally  supposed  to  have  issued  from 
die  crater;  but  had  this  oeen  the  case,  the  crater 
would  not  liave  been  so  entire  as  it  is  ;  and  I  am 
fully  convinced,  liiat  the  eruption  of  such  a  mass  of 
lava  must  have  broken  down  one  of  the  sides,  as 
at  Nugere,  which  we  afterwards  visited,  and  the  Puy 
de  Vache.  There  appears,  I  think,  decisive  marks 
of  the  lava  having  flowed  from  an  ()])ening  on  the 
north-east  side  of  the  mountain,  to  which  it  may  be 
traced.   Indeed,  on  tliis  side,  there  are  the  indica* 
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tiuns  ot  a  much  larger  crater,  which  has  its  escarp- 
ments turned  towards  the  Pay  de  Pariou,  like  those 
of  Mount  Somma,  which  are  turned  towards  Vesu- 
vius. The  Puy  de  Pariou  was,  in  all  probability,  a 
volcanic  conC)  formed  within  the  larger  crater  by  its 
last  eruption  of  scoriffi. 

The  annexed  cut,  from  a  dtawing  I  made  near 
the  foot  of  the  mountain,  represents  tlie  external 
shape  of  the  Puy  de  Pariou,  and  the  dotted  lines 
show  the  fonti  and  the  relative  depth  of  the  crater, 
the  bottom  of  which,  a  a,  is  about  three  bundled 
and  twenty  feet  below  the  highest  part  of  the  rim  o. 
The  current  of  lava,  i  i,  is  on  the  north*east  side  of 
jthe  present  moimtain.  The  internal  shi^  of  Fktfioa 
approaches  to  quadrilateFal,  or  is  that  of  a  cone 
compressed  on  each  side,  and  somewhat  elongated 
from  north  to  south.  The  bottom  of  the  crater  is 
nearly  flat ;  there  was  a  little  water,  from  the  recent 
melting  of  the  snow,  remaining  in  some  of  tiic 
hollows :  ?lideed  we  were  told  at  Clermont  that  we 
should  find  the  crater  filled  with  snow.  It  was  early 
in  May :  but  the  snow  was  gone,  and  grass  was 
growing  in  some  pacts  ;  others  were  covered  with 
loose  masses  of  scoria?.  Owing  to  the  great  porosity 
of  the  soil,  the  crater  of  Pariou  seems  doomed  to 
perpetual  sterility :  there  is  no  tree  or  shrub  within 
at;  while  that  of  Vesuvius,  after  a  cessation  of  erup- 
tions for  only  four  centuries,  was  covered  with  large 
chestnut  trees." — Vol.  II,  page  307, 

In  the  Puy  de  P&riou,  and  many  other  vcicsaaie 
mountains  of  this  dbtrict,  it  is  truly  remarkafale»  that 
the  lavas  which  flowed  fiom  them  at  a  remote  penod> 
should  preserve  all  the  freshness  of  recent  lavas,  somI 
that  volcanoes  so  well  characterised,  both  by  their 
forms  and  mineral  products,  should  have  renuuned 
unnoticed  until  the  middle  of  the  last  century. 

A  circumstance  attending  these  more  ancient  erup- 
tions, which  deserves  notice,  is  the  bituminous  nature 
of  the  tufa,  that  forms  the  lowest  bed,  and  covers 
the  freshwater  limestone  oi*  Gergovia,  Cantuiges^  and 
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the  neighbouring  hills.  This  tufa  is  in  ^omc  parts 
more  than  three  hundred  feet  tbick  ;  it  consists  of 
earthy  basalt  or  wacke,  intermixed  with  hnnps 
of  scorijB  and  basalt,  in  some  places  luiited  by  a 
calcareous  cement.  It  is  everywhere  impregnated 
with  bitumen.  The  tutli  of  Auvergne  bears  evident 
maiks  of  being  the  product  of  an  aqueous  or  muddy 
eniption»  intermixed  with  lava  and  scoriiBy  wliich  in- 
crease in  quantity  in  the  upper  part  of  the  maas,  and 
at  length  become  compact  Java  or  basalt  That  the 
tii&  was  ejected  in  an  aqueous  or  muddy  state*  is 
proved  by  the  quantity  oi  bitumen  which  it  containa: 
by  ^y  other  mode  of  formation,  the  bitumen  would 
faiave  been  consumed.  Bv  some  former  writers  it 
has  been  supposed,  that  the  tuft  is  an  alluvial  bed 
of  sediment  and  waterworn  fragments ;  but  the  bitu- 
minous nature  of  this  bed  excludes  the  probabdity 
of  this  mode  of  fbnnation  ;  and  at  Montadoux,  the 
upper  part  of  the  tufa  may  be  clearly  seen  passing 
into  basalt.  In  some  situations,  however,  the  tutu 
has  been  transported  from  its  original  situation,  and 
i&  intci  niixcd  with  fragments  of  more  ancient  rocks. 

The  (loiiie-shaped  volcanic  hills  witliout  craters, 
composed  of  porpliyry  or  trachyte,  have  given  rise 
to  much  speculation  respectnig  their  origin.  It  has 
been  supposed  that  they  were  the  remains  of  one 
vast  bed  of  trachyte,  and  that  the  surrounding  parts 
were  carried  away  by  diluvian  agency ;  but  this 
opinion  ia  invalidated  by  the  loose  beds  of  scoria  and 
fiagments  that  now  remain  upon  the  8oii|-*a  proof 
that  no  powerful  currents  of  water  have  swept  over 
tlie  country,  since  the  period  of  their  eruption*  It 
is  now  generally  admitted,  that  the  trachyte  in  Au^ 
vergne  is  only  granite  more  or  less  perfectly  fused, 
and  that  these  rounded  hills  or  domes  of  trachyte, 
have  been  unhcavcd  by  subterranean  heat,  without 
being  openect  or  broken.  On  a  grand  scale,  they 
njay  perliaps  be  consitlcred  as  volcanic  bubl)les,  that 
beoamp  cpusoliduted  without  Vuriiting.    la  tiie  lijatid 
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of  Jc\va,  one  ut'the  tracliytic  mountains,  called  Jasinga, 
sitiuitctl  about  twenty  miles  south  of  Batavia,  rises 
in  the  form  of  a  dome,  somcwiiat  flattened  at  the 
top ;  its  elevation  is  about  three  hundred  feet,  and 
one  hundred  feet  from  the  summit  there  is  a  small 
natural  passage  on  the  north  side ;  this  opens  into  a 
large  vaulted  cavity,  in  the  middle  of  the  mountain* 


pool  of  water  at  the  bottom.  Ihe  floor  is  formed 
of  tenacious  sli{)ner)^  clay.  There  are  several  dmilar 
dome-shaped  hills  in  the  vicinity^  but  no  passage 
into  them  has  been  discovered.  No  volcano  or  bed 
of  lava  can  be  traced  near  them. —  ButteHn  de  la 
tSocike  Geolos^ique  de  France,  Nov.  1834,  p.  41. 

The  Puy  de  Dome,  one  of  the  most  remarkable 
volcanic  domes  in  Auvergne,  is,  near  the  summit, 
chiefly  composed  of  whitish  trachyte,  intermixed  with 
unaltered  granite  ;  the  lower  part  of  the  mountain  is 
covered  with  scoriaceous  and  compact  lava.  The 
dome  of  this  mountain  rises  ^2000  feet  above  tlie 
elevated  granitic  plain  on  whicli  it  stands,  and  4/97 
feet  above  the  level  of  the  sea :  it  has  no  crater 
or  opening  on  the  top,  but  Dr.  Daubeny  says,  two 
streams  of  lava  appear  to  have  pierced  the  sides 
of  the  mountain,  and  to  have  descended  into  the 
valleys.  In  this  respect  the  Puy  de  Dome  resembles 
the  enormous  dome  of  trachyte  on  the  summit  of 
Chimborazo»  twenly  thousand  feet  above  the  level 
of  the  sea.  Accordmg  to  Humboldt*  Chimbonoo 
acts  mechanically  on  the  neighbouring  country,  fiac- 
turing  the  strata,  and  changing  the  surfiM^e  of  the 
soil ;  but  it  has  no  permanent  opening,  neither  on 
its  summit  nor  sides. 

In  some  of  the  dome- shaped  hills  in  Auvergne,  the 
action  of  subterranean  heat  appears  to  liave  been  so 
intense  as  to  have  reduced  tlie  whole  into  a  spongy 
pulverulent  mass ;  but,  what  is  remarkable,  in  the 
middle  of  this  spongy  mass,  lumps  of  scoriaceous  lava 
are  sometimes  found.  The  annexed  cut  represents  the 
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outline  of  the  volcanic  mountains  on  the  north-west  of 

Clermont,  which  I  drew  from  the  Puy  de  Cnielle. 

In  the  volcanic  districts  south  ot  Clerntiont,  the 
porphyry  becomes  more  compact,  and  assumes  the 
hardest  and  most  compact  state  of  that  rock.  The 
base  of  the  stone  is  sometimes  green,  and  the  crystals 
of  felspar  white :  it  will  receive  a  iine  polish,  hke 
the  green  porphyry  of  the  ancients. 

The  basaltic  rocks  also  extend  south  of  Clermont, 
into  tlie  districts  called  the  Velay  and  Viverrais,  and 
cover  a  great  portion  of  tlie  soil.  Near  Monpezat, 
ThueySf  and  Jaujac,  according  to  M.  Faujas  St.  Fond, 
there  are  small  volcanic  mountains,  with  distinct 
currents  of  lava,  that  appear  to  have  issued  iiom  their 
feet,  and  flowed  into  the  valleys.  The  lower  part 
the  lava  is  scoriaceous,  but  the  upper  part  is  hard 
sonorous  basalt,  arranged  in  columns  as  perfect  as 
those  of  Staflh  or  the  Giant's  Causeway.  We  have 
here  a  decisive  proof  of  the  igneous  formation  of 
columnar  basaltic  rocks.  The  basaltic  formation 
extends  into  the  South  of  France,  to  the  borders 
of  the  Mediterranean  Sea,  where,  near  to  Adgc,  is 
the  extinct  volcano  of  Saint  Loup,  the  cellular  la\a 
of  wliich  is  employed  in  the  consiniction  of  buildings 
on  the  canal  of  Languedoc."  —  Daubuisson. 

There  arc  numerous  extinct  volcanoes  in  several 
parts  of  Germany,  particularly  in  some  of  the  dis- 
tricts bordering  the  Rhine :  these  volcanoes,  like 
those  of  central  France,  belong  to  different  epochs, 
but  the  most  recent  appear  to  be  more  ancient  than 
the  earliest  periods  of  authentic  histoxy.  In  the 
volcanic  district  of  Eyfel,  between  the  Rhine  smd 
the  Moselle^  axe  scattered  numerous  small  cones 
and  eipinences,  some  with  craters,  the  bottoms  of 
which  are  filled  with  water,  forming  lakes  or  meres^ 
without  oudets.  A  German  geolo^st  divides  these 
volcanoes  into  three  dasses : — 

1.  Those  which  have  lakes  or  meres,  and  have 
ejected  noLiiiiig  but  loose  liagiuents  oi'  rock 
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with  balls  of  scoriae  and  sand  :  of  tliese  tlieie 
are  eiijht  in  that  district. 

2.  Tliose  which  have  ejected  fragments  of  slag, 

sometimes  loose,  and  sometimes  cemented : 
of  these  there  are  eight. 

3.  Those  which  have  ejected  streams  of  lava :  of 

these,  six  are  enumerated. 
According  to  Dr.  Daubeny,  who  lias  visited  these 
craters,  the  currents  of  lava  have  not  been  satis- 
^ctorily  traced  to  their  source,  being  sometimes 
buried  under  heaps  of  volcanic  matter  subsequently 
ejected.  These  volcanoes  rise  through  transition 
ix>ck8  of  slate  and  limestone.  The  Seven  Mountains 
near  Bonn,  belonff  to  a  very  remote  volcanic  epoch. 
Those  readers  who  intend  to  visit  the  countries  near 
the  Rhine,  will  do  well  to  consult  Dr.  Daubeny's 
work  on  volcanoes,  in  which  will  be  found  the  best 
information  respecting  tlie  extinct  volcanoes  of  Ger- 
many. 

In  proportion  as  the  suiface  of  the  earth  becomes 
properly  examined,  our  knowledge  of  extinct  vol- 
canoes is  enlarged  in  various  countries.  According 
to  Burckhardt,  there  arc  several  volcanoes  in  Arabia ; 
one  broke  out  near  the  city  of  Mecca,  some  centuries 
afler  its  submission  to  the  Mahometan  iaith.  Extinct 
volcanoes  are  traceable  in  the  vicinity  of  Mount 
Sinai,  and  from  thence  to  the  Dead  Sea.  The  in- 
dications of  volcanic  action  in  Persia,  and  in  various 
parts  of  the  Asiatic  continent,  are  too  numerous  to 
oe  cited:  some  of  the  mountains  &r  removed  firom 
the  sea,  still  emit  smoke  and  vapour. 

Craiers  of  ElevaHM^^Oraieres  de  SotM»ement  — 
Beside  the  craters  of  eniption,  before  described,  the 
eminent  geologists  Von  Buch  and  M.  Elie  de  Beau- 
mont niainUin,  that  many  of  the  largest  volcanic 
mountains  were  not  formed  by  successive  eruptions 
of  lava  and  scorife,  covering  each  other,  but  are 
composed  of  beds  originally  horizontal,  or  nearly  so, 
which  have  been  raised  by  subterranean  agency  to 
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their  presait  elevation,  before  any  passage  for  voi- 

canic  eruptions  had  been  opened.   Suppose  stioeet^ 
sive  beds  of  lava  were  poux«d  through  a  chasm  over 
the  bottom  of  the  ocean,  and  were  consolidated 
over  eacb  other,  filling  and  covering  the  dunan, 
through  which  they  had  been  erupted.   In  a  future 
volcanic  paroxysm,  the  lava  bein^  prevented  from 
ascending  through  the  former  openmg,  and  the  force 
acting  with  compressed  intensity,  might  upheave  the 
beds  of  submarine  lava,  and  the  subjacent  rocks,  to  a 
considerable  height  above  tiie  sea,  before  a  new 
passage  was  opened  for  a  subsequent  eruption.  This 
would  be  a  crater  of  elevation.    AVith  the  ancient 
lava,  the  lower  beds  of  granite  or  other  rocks  mi^bt 
also  be  raised  up.    This  mode  of  volcanic  operation 
is  so  analogous  to  that  wliicli  has  up-heaved  mountain 
masses  in  every  part  of  the  globe,  that  I  am  at  4 
loss  to  conjecture  on  what  principle  it  has  been 
objected  to.    Let  the  reader  mer  to  the  position  of 
the  beds  at  Wren's  Nest  Hill,  near  Dudley,  and  their 
contiguity  to  basalt  (Plate  III.  %.  4.) ;  or,  what  may 
be  more  directly  to  the  purpose,  let  him  turn  to  thle 
section  of  Crich  Cliff,  (page  141),  in  which  the  stcata 
encircle  and  cover  the  nifi,  like  the  coats  of  an  onion^ 
and  in  which  there  is  a  mass  of  toadstone  near  the 
centre.    Few  geologists  will  deny  that  the  beds  have 
been  up-heaved  by  a  poNver  acting  from  beneath,  or 
that  the  protrusion  of  beds  of  volcanic  toadstone  was 
the  original  cause  of  the  elevation  of  the  strata.  If 
the  up-heaving  power  at  Crich  ChfF  had  been  in- 
creased in  intensity,  and  a  passage  been  opened  near 
the  summit,    through  which  streams  of  lava  and 
showers  of  scoria^  had  been  projected,  w  e  should  have 
had  a  crater  of  elevation,  though  its  structure  and 
mode  of  formation  might  have  been  concealed  by 
volcanic  substances  covering  the  original  rock.  Von 
Buch  and  Humboldt  have  been  challenged  to  discover 
a  Mngle  volcanic  con^  composed  exclusively  of  marine 
or  of  freshwater  strati^  but  sorely  this  is  overlooking 
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tlie  conditkmB  under  which  such  a  cone  nmst  be 
fomed :  the  eraptions  from  the  crater,  when  onoe 
open*  would  cover  a  great  part  of  the  external  cone 
widi  lava  and  volcanic  matter.  The  above  eminent 
geologists  might  show  Crich  Cliff  and  Wren's  Nest 
Hill,  lis  presenting  a  triiimpliant  confirmation  of  the 
theory  of  elevation ;  a  confirmation  not  the  less  satis- 
factory, because  the  volcanic  action  had  been  arrested 
precisely  at  the  point,  where  the  truUi  of  the  theory 
was  rendered  most  apparent. 

The  island  called  the  New  Kamenoi,  raised  near 
St,  Erini  during  a  submarine  eruption  in  the  yeai' 
1707*  was  partly  composed  of  limestone,  and  was 
covcfed  with  living  shells,  which  prove  that  the  rock 
was  up-raisied  in  a  solid  mass. 

The  thecuy  of  the  formation  of  craters  of  elevation, 
does  not  however  depend  for  its  support  on  isolated 
instances,  like  that  of  the  New  Xamend,  nor  on 
hypothetical  assumptions.  If  the  structure  and  com* 
poHticin  of  various  volcanic  mountains  have  been 
correctly  described,  it  may  be  satis&ctorily  proved, 
that  they  could  not  have  been  formed  by  volcanic 
eruptions.  Thus  if  an  elevated  volcanic  mountain, 
with  a  crater  rising  at  a  considerable  angle  above  tiie 
surrounding  country,  be  composed  of  different  beds 
of  compact  lava,  or  of  alternating  beds  of  lava  and 
scoria^  as  represented  in  tlie  annexed  section^  it 


is  impossible  tliat  these  beds  of  lava  could  have 


Ija?a»  when  first  qected,  is  in  a  state  of  perfect 
fluidity,  like  melted  metal  from  a  furnace,  and  it  could 
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not  adhere  to  the  side  of  a  steep  mountain  so  as  to 
form  a  thick  bed»  but  would  descend  to  the  bottom 
with  great  rapidity,  like  water  or  any  other  fluid.  Sir 

Wm.  Hamilton  and  others  assert,  that  JEtua  and  all 
volcanic  mountains  were  Ibrincd  by  successive  streams 
of  lava,  and  showers  of  ashes  or  scorias  but  M.  Elie 
de  Beaumont  has  ascertiiiued,  by  the  careful  measure- 
ment of  about  thirty  streams  of  lava  round  yEtna,  and 
of  a  great  many  on  Vesuvius,  that  a  stream  haviui^ 
an  inclination  of  G**  or  more,  cannot  possibly  form  a 
continuous  mass  ;  it  falls  so  rnjiidly  that  it  cannot  ac- 
quire a  thickness  exceeding  a  few  feet.  "  It  is  only 
when  the  inclination  is  not  more  than  3**  that  the 
mass  can  spread  and  accumulate  to  a  considerable 
height.  Now  as  the  third  part  of  ^tna  rises  with  an 
inclination  of  ^D""  to  dS*'*  it  is  clear  that  when  a 
stream  of  lava  flows  from  the  great  crater  it  can 
produce  very  little  effecti  either  as  to  the  increase  or 
the  external  form  of  the  mountain.  Even  at  the 
bottom  of  the  Vol  di  Bove^  which  is  a  great  subsidence 
on  the  declivity  of  the  volcano,  the  inclination  of  the 
streams  being  still  8^  or  9%  and  their  thickness  is 
hence  so  inconsiderable,  that  their  course  is  recog- 
nised by  their  black  colour,  and  not  by  their  bank- 
like continuation.  Tiie  form  of  yEtna  is  regular, 
rising  u^on  all  sides  with  a  uniformly  advancing  out- 
line. The  innumerable  cones  of  eruption  on  the 
declivity,  and  round  the  base  stand  like  warts  on  this 
vast  colossus  ;  and  the  streams  w^hich  flow  from  it  so 
completely  disappear  at  a  slioi  t  distance,  that  we  must 
regard  it  as  an  absurdity  to  ascribe  to  them  even  the 
slightest  influence  in  altering  the  form  of  the  moun- 
tain."— Edinburgh  New  PhiL  Journal^  Oct,  1 836. 

The  rapidity. with  which  lava  descends  down  the 
steep  sides  of  the  cone  of  Vesuvius,  was  observed  at 
a  distance  b^  Messrs.  Humboldty  Von  Buch,  and 
Gay  LusaCy  m  the  evening  of  the  12th  of  Augusts 
1805,  A  line  of  fire  suddenfy  shot  like  lightning 
from  the  summit  to  the  base,  and  remained  fixed  like 
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a  burning  thread.   Such  currents  have  hardly  ever  a 

greater  thickness  than  four  feet :  they  pierce  for 
themselves  rapidly  a  decj)  and  narrow  furrow  in  tJie 
loose  materials,  and  cannot  extend  in  breadth." 

The  most  decisive  proofs  of  craters  of  elevation,  are 
attbrded  by  Mount  Sonima,  the  large  ancient  volcanic 
crater  tliat  surrounds  Vciiuvius,  and  by  the  Monte 
Nuovo  near  Pozziioli. 

**  Somma  (says  V^on  Buch)  j)0ssesses  all  the  cha- 
racters of  a  crater  of  elevation  so  perfectly,  that  we 
may  re|;ard  it  as  a  model  of  this  volcanic  form ;  there 
is  nothing  which  indicates  a  resemblance  to  a  real 
stream  of  lava.  The  beds  of  lava  with  leucite,  (Jeucu 
Hphore)  of  which  it  consists,  are  spread  over  a  great 
part  of  the  circumference,  dipping  at  angles  of  from 
SO^  to  without  any  variation  of  their  thickness, 
which  is  veiy  considerable:  a  state  of  things  com« 
pletely  at  variance  with  tlie  phenomena  presented  by 
streams  of  lava  having  so  high  an  inclination.  The 
elevation  of  this  vast  mountain  in  its  full  extent,  is 
proved  in  a  most  striking  manner,  by  the  mode  in 
wiiich  the  Nea])olitan  tufa  is  disposed  round  the 
dechvities  of  Somma.  This  tufa  is  a  white  [)orous 
rock,  chiefly  composed  of  pumice  ;  it  extends  over 
the  whole  plain  between  the  Apennines  and  tJie  sea, 
it  is  found  from  Ca])ua  to  the  hills  of  Soreiito,  and 
from  Nola  to  beyond  Naples.  The  strata  of  tufa  are 
almost  always  horizontal,  reposing  one  above  the 
other,  and  there  the  sur&ce  is  perfectly  level.  These 
white  strata  of  tufa,  approacli  the  Somma  witliout 
interruption,  but  when  they  reach  its  base,  they 
immediately  ascend,  rising  with  a  high  inclination 
to  a  certain  height,  where  they  stop,  and  the 
black  beds  of  lava,  which  form  the  walls  of  Somma, 
succeed,  and  rise  at  a  high  angle  and  continue  to  the 
summit/' 

The  reader  may  perhaps  obtain  a  more  distinct  idea 
of  this  arrangement,  from  the  annexed  section  of  a 
bide  or  wall  oi'  Soiiuna,  whicii  is  intended  to  explain 
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the  description  given  by  Von  Buch.  The  beds  of 
horizontil  tufa,  a,  when  they  approach  to  Somma, 


are  bent  and  raised  upon  its  declivity  to  b,  where 
they  are  seen  to  rest  on  the  elevated  beds  of  dark 
lava,  c  c,  of  which  the  walls  or  escarpments  of  Somma 
are  formed,  d,  the  valley  within  the  escarpment, 
between  Somma  and  Vesuvius.  Part  of  the  volcanic 
cone  of  Vesuvius  is  represented  at  e. 

The  volcanic  tufa,  though  chiefly  composed  of 
fragments  of  pumice  (probably  the  result  of  some 
ancient  submarine  volcano),  was  originally  arranged 
in  strata  at  the  bottom  of  the  sea,  ns  it  contains 
in  various  parts  marine  shellsj  imbedded  within  ity 
and  in  high  preservatio?i.  These  strata  of  pumice 
are  considered  by  Von  Buch  as  tertiary  formations ; 
they  were  probably  raised  above  the  sea  at  the  period 
of  the  elevation  of  the  sub- Apenninc  strata  mentioned 
in  Chap.  XVIII.  The  average  height  of  the  hori- 
zontal beds.  A,  is  about  800  feet  above  the  sea,  but  they 
are  raised  to  the  height  of  1 900  feet  on  the  sides  of 
Somma.  The  black  lava,  c,  which  rises  from  under 
the  tufa,  is  about  1500  feet  Iiiglier.  The  phenomena 
of  elevation  in  Somma  are  so  striking,  that  it  appears 
impossible  to  resist  the  evidence  they  aftbrd,  if  the 
facts  have  been  correctly  stated  by  Von  Buch  and 
his  associates. 

Monte  Nuovo,  a  volcanic  mountain  near  Pozzuoli, 
about  450  feet  in  height,  was  formed  in  a  single  day 
and  night,  on  the  19th  of  September  15t^8.  After 
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terrific  earthquakes,  the  ground  opened,  antl  .showers 
of  pumice  and  scoriai  were  thrown  out.  When  the 
eruption  ceased,  a  new  mountain  was  seen,  and  a 
crater  was  found  on  its  summit,  more  than  400  feet 
deep.  This  volcano  has  generally  been  cited  as  a  crater 
of  eruption,  composed  of  scoriae,  pumice,  and  ashea, 
^ected  during  the  darkness  that  took  place  at  the  time 
of  its  formation ;  but  Von  Buch  informs  us,  that,  on 
the  11th  of  December  1834,  he  made  the  circuit  of 
the  crater,  in  company  with  Messrs.  £lie  de  Beaumont 
and  Dufrenoy.  **  On  descending  into  the  crater,  we 
saw  with  the  greatest  distinctness,  on  the  declivities, 
the  terminations  of  the  strata,  the  rock  of  which  the 
strata  are  composed  could  hardly  be  distinguished 
from  the  ordinary  tufa  of  Posilipo.  The  inclination  of 
the  sti  aui  is  to  the  exterior  all  around,  as  may  easily  be 
observed.  In  the  interior  of  the  crater,  and  in  its  bot- 
tom, there  are  black  slags  in  large  masses  ;  and  on  the 
outer  surface,  the  external  covering  is  formed  by  large 
scattered  porous  blocks  of  altered  trachyte,  and  other 
similar  fraufments.  Had  the  internal  v»alls  of  the  monn- 
tain  been  formed  of  ejected  massL's,  they  would  not 
be  white,  fine  erained,  and  compact,  but  would  only 
resemble  shapeless  conglomerates,  composed  o£  large 
and  earthy  fragments,  to  which  they  have  no  simi- 
larity whatever."  Monte  Nuavo  must  now  be  classed 
with  craters  of  elevation,  unless  the  correctness  of 
Von  Buch's  observations  can  be  disproved  by  sub- 
sequent examination.*  It  deserves  notice,  that  at  the 
time  Jtfbnte  Nuovo  was  formed,  the  country  around 
was  elevated  10  feet  above  its  former  level,  and  the 
elevation  has  remained  permanent.  The  description 
of  the  structure  of  8omma  and  Monte  Nuovo  is  taken 
from  an  interesting  article  by  Leopold  Von  Buch, 
*  On  Volcanoes  and  Craters  of  Elevation,*  translated 
from  the  German,  and  published  in  the  Edinburgh 

•  The  section  of  a  crater,  p.  463,  with  the  strata  dipping  around 
from  ft  central  axis,  will  represent  the  arrangement  of  the  strata  in 
the  crater  of  Monte  Nuovo,  but  in  this  crater  the  strata  are  all  com- 
poied  of  beds  of  tuia. 
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New  PhiL  Journal,  Oct.  ISoo.   Acconiiig  Id  Voo 

B  .ch,  in  manv  ot'  the  enters  of  eieratkm  new  cooes 
ar.'!*-,  ar  .:  .rr,-  pcrn^nect  vr  Lir  ;  in  proot  ot 
rhi-,  he  pirticul:ir!y  cite?  li.e  Pc;^^  ^  i  Tcneritfe  as  an 
if:«tarice.  At  the  sale  ot  the  lite  Fairias  St.  Food's 
collection  at  F^r.-,  I  piircho:*^  v<^o  eoormoii-s  shells 
of  the  cri^anric  cerithium,  ^  hich  ^accordhig  to  a  notice 
written  upon  them  by  that  get^Io^it  were  obtained 
from  tiie  Peak  of  TeriCntfe :  hence  it  appears,  that 
thi.'i  volcanic  mountain  was  onginailv  a  ccater 
elevation,  raised  from  under  the  sea. 

A  most  remarkable  instance  of  a  mountain  of 
granite  elevated  within  the  cone  of  a  voicano^  occurs 
in  the  loft^  plain,  west  of  Riora  in  Auvergne.  This 
mountain  »  called  the  Vuy  de  Chapine ;  it  is  nearly 
endrded  by  two  segments  of  a  volcanic  oooe;,  com- 
posed of  scoriaceous  lava,  and  finagments  of  compact 
ttva,  intermixed  with  red  ocherous  earth. 

The  annexed  cut  represents  the  position  of  the 
Puy  de  Chopine  within  the  crater,  but  the  station 
from  whence  I  took  the  .sketch  of  the  crater,  was  too 
near  to  coni[)nse  tlie  view  of  the  mountain.  I  t(M)k 
the,  (jijthne  of  the  latter,  at  a  distance  of  some  miles, 
on  which  account  the  size  is  too  much  diminished. 
I  estiniated  it^  hei^iit  lioin  the  crater  in  wliich  it 
Htands  to  he  about  (XK)  feet;  according  to  M.  Ray- 
mond its  absolute  height  above  the  level  of  the  sea 
is  3910  feet  A  great  part  of  the  mountain  is  com- 
])oscd  of  grej^  granite,  red  sienite^  and  hornblende 
tlie  granite  in  some  parts  appears  to  have  been 
changed  into  trachyte.  Hiis  singular  intermixture  of 
granite»  sienite,  and  hornblende  rock^  with  trachyte, 
within  a  crater  composed  of  scoriae  and  lava,  seems 
to  indicate,  that  the  Puv  de  Chopine,  had  bei»i 
elevated  by  subterranean  heat,  which  was  not  suffi- 
ciently intense  to  convert  die  whole  mass  into 
trachyte,  like  that  of  the  Puy  de  Dome.  At  tlie 
period  of  itM  elevation,  there  was  probably  an  eruption 
of  volcanic  substances  at  its  base,  which  formed  the 
segujenls  ol  the  crater  that  nearly  surrounds  it.  The 
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mountain  of  granitL  was  not  (I  now  believe)  pro- 
jected into  the  cr:iter  of  a  volcano  previously  formed, 
but  the  eruption  of  volcanic  scoriiE  took  place  at  the 
time  the  mountain  \v;ls  protruded.  In  my  account  of 
the  Puy  de  Chopme  given  in  the  'id  vol.  of  Travels 
in  the  Tarcntaise,  ]).  S70,  I  considered  the  fonner 
mo(ic  of  formation  to  be  the  most  ])r()bable. 

In  the  Bulletin  de  la  Sociele  Gcologique  de  France, 
Feb.  1834,  there  is  a  long  and  very  interesting 
memoir,  on  the  Craters  of  Elevation  in  Cantal,  a 
volcanic  district  in  the  south  of  France,  hy  M.  £lie 
de  Beaumont,  which  well  deserves  the  attention  of 
geol<^ists.  The  &ct8  and  deductions  it  contains 
tend  strongly  to  confirm  the  theoijr  of  craters  of 
elevation.  It  cannot  however  be  denied,  that  nume- 
rous volcanic  craters  of  considerable  magnitude  are 
formed  by  eruptions,  for  though  streams  of  liquid 
lava,  when  first  erupted,  cannot  consolidate  into  thick 
beds  on  the  side  of  an  elevated  cone,  yet  the  hva 
within  the  crater  may  penetrate  into  tissures  laterally, 
and  bind  into  a  compact  mass,  the  scoria%  sand,  and 
otiier  loose  materials  of  which  the  cone  is  composed. 


From  the  various  plienomena  which  volcanoes 
present,  we  may  with  probability  infer,  tliat  the 
internal  part  of  our  planet  is  either  wholly  or  par- 
tially in  an  igneous  state,  however  difficult  it  may  be 
to  explain,  in  what  manner  this  heat  is  generated 
and  confined.  In  every  department  of  nature,  our 
enquiries  are  terminated  by  ultimate  facts,  beyond 
which  further  research  becomes  vain.  The  constant 
generation  and  emission  of  light  from  the  surface  of 
the  sun,  is  more  inexplicable  and  surprising,  than  the 
constant  generation  of  heat  in  the  centre  of  our 
planet ;  but  we  cannot  refuse  our  assent  to  the  fiict, 
though  it  is  far  beyond  the  power  of  the  human  mind 
to  conceive,  by  what  means  the  particles  of  light  are 
propelled  through  space  with  such  astonishing  velo- 
city. We  are  too  a})t  to  measure  natural  oi)erations 
by  then  coincitlence  with  the  received  systems  of 
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pIiil(xsophy»  and  to  make  our  own  ignorance  the 
standard  of  truth.  Had  all  the  volcanoes  in  the 
world  been  dormant  for  the  last  two  thousanti  years, 
and  were  we  only  acquainted  with  their  existence  by 
tlie  writings  of  ancient  historians,  we  should  discredit 
the  fact,  and  prove  its  impossibility,  by  an  appeal  to 
established  chemical  principles ;  we  should  further 
accompany  the  proof,  with  a  pathetic  lamentation 
over  the  credulity  of  former  times.  The  descent  of 
stones  firom  the  atmosphere  was  denied  during  a 
logger  period,  though  the  fiict  is  now  established 
beyond  all  doubt. 

Admitting  the  existence  of  central  fire  in  the  earth* 
it  is  not  difficult  to  conceive,  that. there  may  be 
determinate  causes,  by  which  its  intensity  is  increased 
or  diminished  at  certain  periods.  We  know  little 
respecting  the  operation  of  electric  or  voltaic  energy 
in  tne  laboratory  of  nature,  but,  from  the  existence  of 
electric  light  at  the  poles,  we  may  infer,  that  electric 
currents  are  passing  through  the  earth,  and  are 
important  agents  in  many  subterranean  phenomena. 
Perhaps  the  different  beds  of  rock  which  environ  the 
globe,  may  act  like  a  series  of  plates  in  the  voltaic  pile, 
and  produce  effects  commensurate  with  their  vast 
mjignitude.  Voltaic  energy  is  capable  of  su})porting 
the  most  intense  degree  of  heat  without  access  to 
atmosplicric  air,  and  even  in  vacuo  ^  and  this  for  an 
indefinite  time* 

Whatever  origin  we  ascribe  to  subterranean  fire,  it 
must  be  recollected,  that  its  action,  when  confined 
beneath  the  earth,  is  altogether  different  from  that  of 
fire  on  the  sur&ce,  which  changes  and  decomposes 
almost  all  substances  exposed  to  its  action.  It  is  wdl 
known  that  the  most  inflammable  substances,  carbon 
and  sulphur,  undergo  no  change  in  their  weight  or 
propeities  when  subjected  to  intense  heat  in  vacuo. 
It  is  only  when  air  or  water  obtain  access  to  volcanic 
fire,  that  it  can  produce  effects  analogous  to  those  of 
combustion  on  the  surface.  Indeed  it  appears  pro- 
bable, that  volcanic  ex})losions  and  earthquakes  are 
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occasioned  by  the  access  of  water  to  subterranean 
fire.  A  sudden  evolution  of  steam  and  vapour  thus 
produced,  will  force  a  passage  to  the  surface*  in  those 
parts  where  the  incumbent  rocks  offer  the  least 
resbtance,  and  the  lava  and  fragments  of  rock  will 
be  ejected  with  a  force,  pro])(  )i  tionate  to  the  quantity 
of  steam  or  air  suddenly  evolv  ed. 

Pseudo  Volcanoes  and  Volcanic  Products, — To  tlie 
accitlcntal  combustion  of  beds  of  coal,  the  German 
geologists  gave  the  name  of  Pseudo  Volcanoes.  There 
are  instances  of  coal  mines  having  been  on  lire  many 
years  ;  some  of  the  mines  of  l^elston  in  Stattbrdsliire 
have  been  burning  for  a  lon^  ju  riod,  but  these  fires 
are  too  limited  in  extent  or  activity  to  bear  any  com- 
parison with  volcanoes.  The  spontaneous  combustion 
of  beds  of  bituminous  day,  intermixed  with  pyrites, 
are  not  very  unfrequent.  There  is  a  pseudo  volcano 
of  this  kind  now  in  activity  at  Hoi  well  Cliff»  close  to 
the  Bay  of  Weymouth.  The  cliff  is  composed  of 
Kimnieridge-clay,  and  has  become  ignited  by  a  rill  of 
water  behind  it,  which  has  penetrated  into  the  day. 
It  constantly  emits  sulphureous  vapour»  and  after 
heavy  rains,  fire  is  visible  on  the  surrace.  In  the  last 
century  th6  clif&  of  lias  near  Charmouth,  took  fire 
and  continued  burning  for  several  months.  When 
portions  of  the  cliffs  of  alum  shale  near  Whitby  in 
Yorkshire  fall  upon  tlie  beach,  and  become  moistened, 
they  are  sometimes  spontaneously  ignited.  The  same 
effect  takes  place  in  tiic  Stafibrdshire  coal  mines ; 
when  ])arts  of  the  bed  of  indurated  clay  which  tbrms 
the  roof  of  the  coal  fall  down,  and  become  moistened, 
it  takes  fire  sjiontaneously :  and  hence  this  combus- 
tible clay  is  provincially  called  tow. 

All  these  instances  of  spontaneous  combustion 
admit  of  a  satisfactory  explanation.  The  cliffs  of 
CharmouUi  and  Whitby  are  composed  of  lias  day, 
much  intermixed  with  bituminous  and  carbonaceous 
matter,  and  the  sulphuret  of  iron  (iron  pyrites):  such 
is  also  the  composition  of  the  inflammable  day  which 
forms  the  roof  of  the  coal  in  Staffordshire ;  and  the 
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Kimmeridge-clay  near  Weymouth  is  nearly  similar 
in  composition  to  tlie  lias  clay  of  Charmouth  and 
Whitby,  thoiip^h  it  belongs  to  an  upper  part  of  the 
secondary  strata.  Iron  pyrites  abound  in  these  ciitis  ; 
and  it  is  a  well-known  property  of  tliis  mineral,  to 
decompose  rapidly  when  laid  in  heaps  and  moistened 
with  water.  During  this  rapid  decomposition,  suffi- 
cient heat  is  evolved  to  ignite  the  bituminous  matter 
in  the  clay:  and  the  clay,  when  once  ignited,  will 
bum  for  a  long  period  : — this  is  proved  in  the  pro- 
cess employed  for  making  alum  at  Whitby.  There 
can  be  little  doubt  that  this  spontaneous  combustion 
might  be  imitated  artificially  by  mixing  pyrites  and 
bituminous  clay  or  shale,  and  moistening  the  heap 
with  water.  The  experiment  of  Lemery  is  weft 
known:  he  mixed  twenty-five  pounds  of  powdered 
sulphur  with  an  equal  weight  of  iron  filings  ;  and, 
having  made,  with  water,  a  paste  of  the  mixture,  he 
put  it  into  an  iron  pot  covered  with  a  cloth,  and 
buried  it  a  foot  under  ground.  In  about  eight  hours 
the  earth  swelled  and  cracked,  and  hot  sulphureous 
vapours  were  exhaled  ;  a  flame  was  observed  to  issue 
through  tiie  cracks,  and  the  ground  was  covered 
with  a  yellow  and  black  powder  :  thus  a  subterraneous 
fire  was  produced  by  the  chemical  combination  of 
sulphur,  iron,  and  water.  In  the  clifls  of  Charmouth, 
Wliitby,  and  Weymouth,  we  liave  precisely  the  same 
mineral  substances  combined,  that  were  used  in  the 
experiment  of  Lemery. 

The  earth  itself  is  in  all  probability  the  great 
laboratory  in  which,  by  the  aid  of  subterranean  heat, 
are  combined  and  ])repared  the  mineral  substances  * 
that  compose  the  hard  crystalline  crust  of  the  globe. 
All  the  minerals  which  form  primary  rocks,  occur  in 
a  perfect  state,  in  modem  or  ancient  lava. 

The  substances  ejected  through  fissures  in  the 
earth,  or  volcanoes,  belong  to  the  four  grand  divisions 
of  the  mineral  kingdom, —  the  inflammable,  saline, 
metallic,  and  earthy. 

The  i/iflanimable  sabatances  are  sulphur,  carbon. 
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and  hydrogen.  The  infiammable  quality  of  sidphur 
prevents  its  bdng  found  in  lava  in  a  aoEd  form :  it  k 

evolved  in  a  gaseous  state  combined  with  hydrogen 
fiom  volcanic  apertures.  It  is  also  sublimed  from 
fissures  of  extinct  or  dormant  volcanoes,  and  forms 
thick  incrusUUions  on  the  sides  of  the  craters.  Almost 
all  the  sulphur  of  commerce  in  Europe,  is  procured 
from  the  craters  of  dormant  volcanoes  in  the  soutli  of 
Italy,  Sicily,  and  the  Li  pari  Islands.  When  the 
combustion  of  sulphur  in  volcanoes  takes  place,  where 
there  is  access  to  atmos])lieric  air»  it  forms  sulphu- 
reous acid  gas,  and  sulphuric  acid. 

Carbon  combined  with  hydrogen,  forming  bitomen* 
h  found  in  volcanic  rocks,  and  also  in  some  basaltic 
or  trap  rocks.  The  volcanic  tu&  in  the  vicinity  of 
Clermont,  in  France,  contains  so  much  bitumen,  that 
in  warm  days  it  oozes  out,  and  forms  streams  of 
bitumen  resembling  pitch,  which  is  the  more  remark- 
able^  as  this  tufit  must  have  been  erupted  some 
thousand  years.  Bitumen  has  been  observed  oooing 
out  of  the  lava  of  ^tna.  The  moya  erupted  from 
the  volcanoes  in  the  Andes,  in  aqueous  or  muddy 
eruptions,  contains  so  much  bitumen  or  carbon,  iis  to 
be  inHamnuible.  As  bitumen  exists  in  many  volcanic 
rocks,  the  black  smoke  which  issues  during  an  erup- 
tion may  in  some  c;ises  ])roceed  from  its  combustion, 
though  the  smoke  has  generally  beens  upposed  to  con- 
sist of  minute  volcanic  sand,  called  ashes.  Carbon  also 
combines  with  hydrogen  in  a  gaseous  state,  and  forms 
carbureted  hydrogen  gas. 

The  hydrogen  gas  evolved  from  volcanoes,  or  from 
charms  in  the  earth  during  earthquakes»  is  generally 
combined  with  sidphur  or  carbon ;  it  is  probably 
formed  by  the  decomposition  of  water,  when  it  finds 
access  to  subterranean  fire.  Whether  phosphorous 
be  a  product  of  volcanoes  is  unknown :  its  extreme 
infiammability  prevents  it  from  being  discovered  in  a 
concrete  form ;  but  the  dense  white  douds,  like  bales 
of  cotton,  which  sometimes  cover  Vesuvius,  resemble 
the  fomes  produced  by  the  combustion  of  phosphorus. 
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Ainons^  the  known  products  of  volcanoes,  only  three 
are  combustible  at  a  motlcrate  temperature  ;  — sul- 
phur, hydro£Ten,  and  carbon.  It  was  at  one  time 
maintained  by  Sir  H.  Davy,  that  the  earths  and 
alkalies  which  form  lavas,  exist  in  the  centre  of  the 
globe  in  a  metallic  state,  and  take  iire  by  the  access  dT 
water.  The  property  of  the  newl^-discovered  metals 
to  inflame  instantly  on  the  access  of  water,  ofifeni  an  easy 
explanation  of  the  origin  of  volcanic  fires,  could  we 
suppose  that  substances  so  extremdy  inflammaUe 
and  oxidaUe,  have  remained  for  ages  in  a  metallic 
state.  This  theory  is  now  abandoned.  There  may, 
however,  be  processes  going  on  in  the  vast  latx>ratory 
of  the  ^obe,  that  separate  the  earths  from  oxygen, 
and  prepare  them  for  the  support  of  volcanic  nres, 
by  whicii  tiiey  aie  tlirown  upon  the  surface,  and 
thus  establish  a  communication  between  the  internal 
and  external  parts  of  our  planet. 

The  saline  products  of  volcanoes  are  not  numerous. 
The  sulphureous  vapour  and  sulphuric  acid,  formed 
by  the  combustion  of  sulphur  during  erui)tions,  act 
upon  volcanic  and  other  rocks,  and  produce  difi'erent 
combinations,  of  which  tlie  most  imj)ortant  are  alum, 
sulpliate  of  magnesia,  sulphate  of  iron,  or  green  cop- 
peras, and  sypsiim.  Muriate  of  ammonia,  or  sal- 
ammoniac,  forms  an  incrustation  on  many  lavas,  soon 
after  they  cool :  muriate  of  soda,  or  common  salt,  and 
muriate  of  copper  and  of  iron,  are  found  in  the  craters 
of  volcanoes,  muriatic  acid,  in  an  micombined  state, 
occurs  in  some  of  the  spongy  lavas  in  Auvergjne. 

The  principal  metaiUc  sMttanoei  in  volcanic  rocks 
are  iron  and  titanium ;  but  ores  of  antimony,  copper, 
and  manganese,  have  sometimes  been  found  in  the 
csraters  of  volcanoes.  Tellurium,  gold,  and  mercury 
are  also  said  to  occur  in  some  volcanic  rocks.  The 
island  of  Ischia,  which  is  entirely  volcanic^  contains 
a  mine  of  gold. 

Iron,  in  the  form  of  brilliant  lamina?,  called  specular 
iron,  occurs  in  the  cavities  and  fissures  ot  many  lavas. 
Magnetic  iron  ore,  aud  oxide  of  iron,  with  iron  sand 
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and  titanium,  form  a  constituent  part  of  nearly  all 
dark-colon  rod  lavas  or  basalt. 

Tiie  earthji  producis  of  volcanoes  are  either  vitreous, 
or  stony,  or  scoriaceous,  or  spongy,  or  in  loose  grains 
or  in  powder.  Volcanic  rocks  are  composed  chieHy  of 
felspar,  and  the  dark-coloured  mineral  called  augite ; 
they  contain  also  hornblende  and  grains  of  magnetic 
iron  ore,  with  titanium  and  iron  6and»  and  the  mineral 
called  olivine.'  Mica,  leudte,  iron  pyrites,  garnets, 
rubies,  and  zircon,  are  also  found  in  some  volcanic 
rocks.  The  different  states  of  lava,  whether  vitreous, 
compact,  or  scoriaceous,  depend  on  the  difierent 
circumstances  under  which  it  lias  cooled. 

Volcanic  rocks,  being  principally  composed  of 
the  two  minerals,  felspar  and  augite,  vefy  minutely 
intermixed,  derive  their  principal  characters  from 
the  prevalence  of  one  or  other  of  these  minerals. 
Those  lavas  in  which  felspar  greatly  predominates, 
have  generally  a  whitish  or  greyish  colour,  and  melt 
into  a  white  glass.  The  lavas  whicii  contain  a  large 
portion  of  augite,  have  a  (huk  colour,  and  melt  into 
a  black  glass.  According  to  M.  Cordier,  all  volcanic 
rocks  that  have  flowed  as  lava,  and  which  appear  the 
most  homogeneous,  are  composed  of  microscopic 
cr^talline  particles,  belonging  to  a  small  number  of 
mmerals,  particularly  felspar,  augite,  olivine,  and  iron 
sand;  and  the  same  intermixture  of  minerals  may  be 
observed  in  all  scoriaceous  lava  and  in  basalt.  To  the 
white  or  grey  lava,  composed  principally  of  felspar, 
the  French  have  given  the  name  of  fradiyte^  from  its 
breaking  witli  a  rough  surface. 

Trachyte,  —  Common  or  stony  trachyte  lias  gene- 
rally a  whitish  or  greyish  colour,  a  dull  earthy  frac- 
ture, and  is  more  or  less  fine  grained  ;  sometimes  the 
grains  are  very  minute,  and  it  has  then  a  compact 
surface,  and  sometimes  a  glistening  lustre,  in  w^nicli 
state  it  becomes  pearlstone.  Its  liardness  is  variable; 
some  of  the  trachytes  near  Clermont  are  spongy,  and 
almost  friable.  Trachjrte  melts  into  a  m*eyish  glassy 
it  generally  contains  imbedded  crystals  of  vitreous 
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felspar.  Acicular  or  needle-shaped  crystals  of  hora- 
bleDde»  hexagonal  ciystak  of  mica,  and  grains  of  iron 
sand,  and  laminse  qf  specular  iron  ore,  occur  in 
trachyte.  Aiigite  is  seldom  found  in  the  trachyte  of 
Europe^  though  it  is  common  in  the  tiachytes  of  the 
Andes. 

Trachyte  occurs  in  the  Lipttri  Islands  in  a  perfectly 
vitreous  state,  forming  obsidian  or  volcanic  glass, 
which  is  sometimes  colourless,  and  sometimes  black  ; 
the  black  variety,  however,  forms  a  wliite  glass  when 
melted.  The  colouring  matter,  being  fugitive,  is 
probably  bitumen  :  in  this  respect  it  differs  fiom 
obsidian  formed  from  dark  lava  or  basalt :  the  latter 
melts  into  a  black  glass. 

Pumice. — ruinicc  appears  to  have  been  formed 
from  trachyte,  exposed  to  an  intense  heat,  which  has 
reduced  it  to  a  fibrous  mass.    Tlie  island  of  Lipari 
contains  a  mountain  entirely  formed  of  wliite  pumice : 
when  seen  at  a  distance,  it  excites  the  idea,  that  it  is 
covered  with  snow  from  the  summit  to  the  foot. 
Almost  all  the  pumice  stone  employed  in  commerce 
is  brought  from  this  immense  mine.   The  mountain 
is  not  one  compact  mass,  but  is  composed  of  balls  or 
globes  of  pumice  aggregated  together,  but  without 
adhesion.   From  hence  SpaUamsani  ir^ers,  that  the 
pumice  was  thrown  out  of  a  volcano  in  a  state  of 
Fusion,  and  took  a  globose  form  in  the  air.     Sonic  of 
these  balls  of  pumice  do  not  exceed  tiie  size  of  a  nut, 
others  are  a  foot  or  more  in  diameter.  Many  ot  these 
pumices  are  so  compact,  that  no  pores  or  filaments 
are  visible  to  the  eye  ;  when  viewed  with  a  lens,  they 
appear  like  an  accumulation  of  small  fiakes  of  ice. 
Though  a})j)aiently  compact,  they  swim  on  water. 
Other  pumices  contain  pores  and  cavities,  and  are 
composed  ot"  shining  white  filaments.      By  a  long- 
continued  heat,  pumice-stone  melts  into  a  vitreous 
semi-transparent  mass,  in  which  a  number  of  small 
crystals  of  white  felspar  are  seen.    Black  or  dark- 
coloured  pumice  is  more  uncommon.  Humboldt 
saysy  he  has  seen  black  pumice  in  whicli  augite  and 
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lioniblende  may  be  recognised  ;  he  is  inclined  to 
think  that  such  substances  owe  their  origni  to  bas:iltic 
lavas,  winch  have  assumed  a  capillary  or  fibrous  Harm 
by  intense  heat 

Immense  quantities  of  pumice  are  sometimes  thrown 
up  by  submarine  volcanoes.  It  lias  been  seen  floating 
upon  the  sea  over  a  space  of  three  hundred  miles^  at 
a  great  distance  from  any  known  volcano  fiom 
hence  it  may  be  inferred,  that  submarine  voicanoes 
sometimes  break  out  at  such  vast  depdis  under  the 
ocean,  that  none  of  their  products  reach  the  snr&ce, 
except  such  as  are  lighter  than  water. 

Obsidian,  or  volcanic  glass,  so  nearly  resembles 
lumps  of  black  glass,  that  they  can  scarcely  be  dis- 
tinguished by  the  unpractised  obser\'er.  Its  broken 
surface  is  smooth,  conciioidal,  and  shining :  tiie  most 
common  colour  of  obsidian  is  a  velvet  black.  The 
thinner  pieces  are  translucent.  It  is  harder  than 
glass,  and  strikes  fire  with  steel.  It  is  common  in 
tlie  neighbourhood  of  volcanoes,  and  in  some  basaltic 
formations.  The  obsidian  accompanying  basalt  con- 
tains a  large  portion  of  augite,  and  melts  into  a  black 
g^ass  as  before  mentioned ;  in  other  respects,  its 
mineral  characters  are  the  same  as  those  of  obsidian 
from  trachyte.  In  the  island  of  Lipari,  the  mountain 
de  la  Castagna,  according  to  Spalbnzani»  is  wholly 
composed  of  volcanic  glass»  which  appears  to  have 
flowed  in  successive  currents,  like  streams  of  water, 
fidling  with  a  rapid  descent,  and  suddenly  congealed. 
This  glass  is  sometimes  compact,  and  sometimes  porous 
and  spongy. 

On  tiie  elevated  plain  which  surrounds  the  conical 
peak  of  Tenerifle,  there  are  masses  of  obsidian,  which 
graduates  into  pitchstonc,  containing  crystals  of  white 
felspar.  On  the  south-west  side  of  the  peak,  there  is 
a  .stream  of  vitreous  lava  or  obsidian,  several  miles  in 
length.  Colonel  Imrie  describes  a  current  of  lava  in 
the  island  of  Felicuda,  iiitermixed  with  obsidian, 

*  It  is  probable  that  the  strata  of  Neapolitan  tufa  which  contain 
marine  shells  were  deposited  by  submarine  volcanoes. 
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which  had  been  flowing  with  it,  and  now  fonns 
part  of  the  congealed  stream.  "  In  some  parts  the 
obsidian  is  seen  losing  its  brilliancy,  and  passing  into 
granular  lava,  which  becomes  similar  in  colour,  frac- 
ture, and  texture,  to  the  other  parts  of  the  stream. 
Where  the  obsidian  appears  in  a  state  of  perfect 
g^asSy  it  is  very  near  to  where  it  has  been  first  ejected 
from  the  side  of  the  crater,  and  in  a  situation  where 
it  must  have  undergone  a  rapid  cooling.  In  some 
parts  of  these  con^aled  streams,  I  could  trace  a 
transition  of  the  obsidian  into  pumice.  In  these 
places,  the  obndian  ccmtained  scattered  air  globules, 
.  which  were  almost  always  lengthened  in  the  direction 
of  the  stream.  These  globules  gradually  augmented 
in  number,  until  the  whole  substance  became  a  light, 
fragile,  and  frothy  pumice."*  \'olcanic  glass  is  found 
in  the  crater  of  Vulcano,  one  of  the  yEolian  islands, 
and  may  be  seen  forming  there  at  the  present  time. 

Volcanic  Tufa,  —  Owing  to  the  facility  with  which 
trachyte  breaks  down,  it  forms  beds  of  conglomerate 
intermixed  with  scoria?  and  pumice.  The  more  finely 
comminuted  parts  of  trachyte,  intermixed  with  earthy 
matter,  form  beds  of  tufa.  These  beds  of  conglo- 
merate and  tufa,  frequently  environ  trachytic  moun- 
tains, and  hide  from  the  view  of  the  geologist,  their 
connection  with  the  subjacent  rocks. 

When  trachyte  becomes  compact  and  hard,  and 
acquires  a  lammar  or  slaty  structure,  it  passes  into 
clinkstone  or  phonolite,  so  called  on  account  of  its 
yielding  a  metallic  sound  when  struck.  (See  Chap. 
X.,  where  it  is  observed,  that  dark  lava  or  basfut 
also  passes  into  clinkstone.)  Thus  it  appears  that 
both  the  light-coloured  lava,  or  trachyte,  and  tlie 
dark-coloured  lava,  or  basalt,  according  to  the  differ- 
ent degrees  of  heat  to  wliich  they  have  been  sub- 
jected, or  the  diflierent  circumstances  under  which 
they  have  cooled,  form  volcanic  glass,  clinkstone,  or 
pumice ;  and  the  only  diii'ereiicc  to  be  observed  in 

.  *  Memoirs  of  the  Wernerian  Society,  yoL  ii«  p«  47. 
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the  minerals  formed  from  the  trach^^e  the  Insilt 
in  a  difference  of  colour  in  the  ::.;:.cra^-  MriV€s. 
or  in  the  glass  which  they  viclJ  when  meltcdL  L^.*. 
pinnice  i'rom  basalt  is  however  w  r\  rare.*  Bjaj^'ic 
(1}  kcs,  and  tile  overlyinir  rock-  -'i  porphyrA^  trap, 
anil  basalt,  described  in  Chap.  X.  ought,  1  am  per- 
Knadeil,  to  be  classed  with  ancient  volcanic  fonna- 
tions,  but  their  igneous  oriirin  is  not  vet  universally 
mhnitted,  and  it  is  desirabk'  to  separate  theoredcaJ 
viewH,  from  a  description  of  ^Mrts.  Thia^  iio«re%ef, 
cannot  always  be  done :  circumstances  which  indicitt 
tlio  mode  of  rock  formations*  will  deser%'edlj  iom 
(hom8elvc8  on  onr  attention,  and  in  stating  tfaeai 
liiirly^  and  the  inferences  which  may  be  drawn  fion 
them,  we  relieve  geology  from  much  of  its  drynesa, 
and  stimulate  succeeding  observers  to  a  strict  investi- 
lypition  of  nature. 

Dark-coloured  recent  lava  does  not  diffisr  essentially 
from  basalt :  it  is  generally  more  porous.  Frobahly 

*  According  to  tbe  microscopic  and  mechanical  aaaljaii  cf  UsM- 
rolouriHl  and  dark  lavas,  by  M.  Cordier  (whether  compact  or 

NrMtrincootin),  it  npi)car»  that  the  stony  lavas  which  melt  into  a 
wliifc  ^'Ihmh,  i-niiiaiii  nint»ty  p»'r  cont.  of  felspar.    Those  lavas  ^^  Inrh 
nifti  into  a  bottle-gncn  ixlii«s  or  enamel,  contain  only  from  tilty- 
llve  to  m<v<'nty  per  cent,  ot  fdspair;  such  are  tlie  greenisii,  grejiikibi 
or  dark>(*oloiired  basalt   On  a  microscopic  examination  of  dark 
liivu  or  ItjiHult,  it  appears  to  consist  of  minute  crystalline  grains. 
The  wliitiNh  graitiH  belong  ehicfly  to  felspar,  but  in  the  lav*  froo 
Ve«4iiviiiH,  to  U'ueite  ;  a  Hniuli  proportion  of  these  grains  are  chrk'so- 
life.    The  yellowish  or  greenibli  gniins  belong  to  augite  and  hom- 
blenile:  tluwc  of  uugite  are  rounded  and  irregular,  with  a  vitreous 
fVacture  and  splendent  lustre.   The  grains  of  hornblende  are  long, 
and  assume  a  prismatic  form ;  they  present  indications  of  a  laminar 
Htrttrtun%  aiicl  have  little  lustre.    The  perfectly  black  grains  are 
iron  Kuiul,  containing  iron,  combined  with  titanium ;  the  grains  of 
iron  ore  ( frr  nrif/i.ifr)  luuy  he  known  l>y  yielding  a  red  powder 
when  pulveriM'd.    V't)leanic  glass,  volcanic  scoria),  and  volcanic 
tufa,  are  all  composed  of  the  same  minerals  as  the  most  compact 
lavat  and  all  the  most  homogeneous  dark  voloanic  rocks  are  oom* 
podcd  of  minute  microscopic  grains,  which  are  chiefly  felspar  and 
nugite,  with  a  ><nial!  ]>r(>])orfion  of  olivine  and  iron  sand.  M.  Conlirr 
inloinitMl  the  author,  thai  thr  nderoseopie  oxamination  of  lava  was 
niiu'h  fat  ilitated,  by  blei  ping  the  piece  to  be  eiuuuincd  in  dilute 
niurittttcucidt 
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the  compact  state  of  basalt  was  the  result  of  refrige- 
ration under  pressure ;  it  may,  however,  be  frequently 
observed  in  Auveigne,  passing  into  the  state  of  scoria- 
oeous  lava.  Some  of  the  recent  lavas  from  Vesuvius 
are  compact,  and  have  a  glistening  lustre,  but  they 
are  more  commonly  porous.  In  some  volcanic  erup- 
tionsy  lava  appears  to  have  acquired  the  most  perfect 
fluidi^.  According  to  Professor  Bottis,  who  was  an 
qre-witness  of  the  eruption  of  Vesuvius  in  1776,  the 
lava  spouted  from  three  small  apertures,  precisely  like 
water,  forming  beautiful  fountains  of  fire,  which  de- 
scribed curves  of  different  dimensions  as  they  fell. 
In  the  same  year,  a  current  of  lava  from  tlie  summit 
of  Vesuvius  flowed  with  the  velocity  ol'  a  mile  and  a 
half  in  fourteen  minutes:  it  struck  upon  the  lava  of 
1771>  and  rebounded  into  the  air,  congealing  in 
figures  of  various  sha])es.  The  length  of  time  which 
currents  of  lava  retain  their  heat  is  truly  remarkable  : 
the  current  which  flowed  from  ^tna  in  I669  is  two 
miles  in  breadth,  fifteen  miles  in  length,  and  two 
hundred  feet  in  depth  ;  it  retains  a  portion  of  its  heat 
.  to  the  present  day.  Ferrara  8ays»  when  this  lava  was 
perforated  at  Catania  in  1809f  flames  broke  out; 
and  it  continued  to  smoke  at  the  surface  after  rain»  at 
the  beginning  of  the  present  century,  or  ISO  years 
after  its  eruption. 

Stones  of^  enormous  size  are  frequently  projected 
from  the  craters  of  volcanoes ;  but  the  quantity  oi* 
matter  which  they  throw  out  in  the  state  of  scoria?, 
sand,  and  powder,  oflen  exceeds  that  enipted  in  the 
state  of  lava,  and  is  spread  over  distant  countries.  By 
the  percolation  of  water,  the  loose  materials  become 
agglutinated,  and  form  beds  of  volcanic  breccia,  and 
tufa.  Sometimes  the  tufa  is  sufHcicntly  solid  to  be 
used  for  building-stone ;  the  Roman  pepperino  is  a 
volcanic  tufa.  Pozzolana  consists  of  minute  particles  of 
scoriae,  which  have  been  partially  decomposed :  when 
mixed  with  lime,  it  makes  a  water-setting  cement. 

Some  volcanic  rocks  decompose  rapidly,  and  form 
productive  soils ;  others  resist  the  process  of  decom- 
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position  so  efiectually,  that,  after  the  bqpse  of  many 

centuries,  they  present  all  the  freshness  of  the  most 

recent  hu  as. 

A^e  of  Vidainic  Rocks,  —  Nothing^  precise  can  be 
determined  with  respect  to  the  relative  age  of  volcanic 
rocks,  except  in  tliose  di>tiicts  where  they  occur 
together,  one  covering  the  other.  Humboldt,  who 
has  attempted  to  trace  the  different  ages  of  volcanic 
fonnations,  observes,  that  there  are  trachjies,  ciink- 
stones,  and  basalts,  of  diH'erent  ages  ^  but  in  propor- 
tion as  we  advance  towards  the  more  recent  volcanic 
fonnations,  they  appear  isolated,  superadded,  and 
strangers  to  the  soil  in  which  they  are  found.  The 
lavas  from  existing  volcanoes,  vary  at  difierent  peiiods 
of  their  eruptions ;  we  may,  therefore,  well  conceive, 
that  the  volcanic  masses  which,  during  thousands  of 
years,  have  been  progressively  raised  to  the  sorfiice^ 
under  very  different  circumstances  of  pressure  and 
refrigeration,  should  present  striking  contrasts  and 
analogies  ol' structure  and  composition. 
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CHAP.  XX. 


ON  THE  REPOSITORIES  OF  METALLIC  ORES. 


iNrctallic  Matter  disst'ininated  through  Rocks.  —  Masses  of  Me- 
tallic Ore.  —  Mi'tallic  Beds. —  Metallic  Vcin^;.  —  Rake  Veins  

Flat  Veins.  —  Accuiniilateii  Veins.  —  Cross  Courses. — The  re- 
markable Structure  of  the  Botallack  Mine  worked  under  the  Sea. 
—On  the  Fonnation  ef  Metallie  Ores.  ~  Remarkable  Pheao- 
raena  in  Mines.  —  Stream  Works.  —  Gold  disseminated  in  tbe 

.  Sand  of  Rivers  in  Africa,  and  North  and  South  America,— 
Rocks  in  which  certain  Metallic  Ores  arc  found.  —  Observations 
t)n  Electro-Chemical  Experiments  that  appear  to  elucidate  the 
Formation  of  Metallic  Ores. 


Th£  rocks  and  strata,  described  in  the  preceding 
chapters,  are  composed  of  earthy  minerals,  sometimes 
combined  with  a  portion  of  metallic  matter,  which  in 
such  instances  may  be  regarded  as  a  constituent  part 
of  rocks.  The  mineral  substances  to  be  described  in 
the  present  chapter,  as  forming  beds,  or  veins,  or 
irr^ilar  masses,  or  grains  imbedded  in  other  rocks, 
consist  of  metallic  matter  either  pure,  or  in  combina- 
tion with  sulphur,  oxygen,  or  acids. 

The  difference  of  external  character  between  a 
pure  metal  and  an  earth  is  so  l^u  it,  that  we  find  some 
difficulty,  at  first,  in  conceiving  how  metalHc  matter 
can  form  beds  interstratified  with  earthv  rocks  :  but 
the  discoveries  of  modern  chemistry  iiave  shown, 
that  metalhc  and  earthy  minerals  are  closely  allied. 
Nothing  can  appear  more  essentially  different  than  a 
piece  of  polished  iron  and  a  piece  ot  marble  or  slate ; 
yet  if  iron  be  exposed  to  the  action  of  air  and  water. 
It  is  converted  into  rust,  and  in  this  state  is  known 
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as  ochre  ;  and  belween  ochre  and  powdered  stone 
there  is  little  difference  of  external  character  ;  nor 
would  any  one  unacquainted  with  chemistry  suspect 
tliat  ochre  was  a  metallic  mineral.  The  ochre  can, 
however,  be  easily  reconverted  into  metallic  iron  : 
but  to  convert  the  earths  into  a  metallic  substance  is 
a  difficult  process,  —  yet  it  has  been  effected  ;  and  it 
is  further  proved,  that  both  earths  and  alkalis  are 
metallic  substances  combined  with  oxygen.  The 
metallic  nature  of  the  earths  being  ascertained,  we 
can  no  longer  be  surprised  that  metallic  minerals 
should  be  round  intermixed  with  earthy  minerals  in 
rocks.  Iron  is  found  combined  with  earths  in  almost 
all  rocks  that  ai  e  not  white  ;  and  to  the  presence  cf 
iron  they  generally  owe  their  colour,  whether 
brow  n,  or  black. 

The  other  metals  rarely  occur  chemically  com- 
bined with  rocks  or  strata,  but  are  found  either 
disseminated  in  grains  or  irregular  pieces,  or  forming 
beds  between  earthy  strata,  or  filling  veins  tliat  inter- 
sect rocks  in  ditferent  directions. 

Except  gold  and  platina,  metals  are  rarely  found 
pure,  but  are  generally  combined  either  with  sulphur, 
oxygen,  or  aads ;  in  this  state  they  are  called  ores. 
When  the  melals  occur  pure,  they  are  called  naiioe 
metals :  thus  we  have  native  gold,  native  iron,  &c. 

Metallic  ores  and  native  metals  are  sometiines 
disseminated  in  grams  through  rocks,  and  when  they 
are  abundant,  the  whole  mass  of  the  rock  is  worked 
as  a  mine ;  but  this  is  seldom  the  case.  Tmstosief  Oi 
the  oxide  of  tin,  is  sometimes  disseminated  in  gnun^ 
in  gianitic  rocks  in  Cornwall,  but  it  is  generally  ^ 
the  vicinity  of  a  vein  of  tin  ore,  that  msseminated 
grains  of  tmstone  are  found  in  the  rock.  At 
I)uchy  mine,  near  Callington,  silver  ore  is  obtainetl, 
both  from  a  vein  which  intersects  the  hill,  and  i^on^ 
the  rock  itself,  at  a  considerable  distance  from  tlic 
vein.  From  a  section  of  the  mine  shown  me  by  the 
proprietor,  it  appears  that  in  tiie  rock,  which  is  v^hite 
Liilas  (a  silvery  clay  slate),  the  ore  is  disseminated  in 
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various  parts,  or  is  collected  in  bunches.  The  silver 
is  found  native  in  filaments,  or  in  the  state  of  vitre- 
ous silver  ore,  black  silver,  and  ruby  silver.  Gold 
frequently  occurs  in  grains,  disseminated  through 
solid  rocks,  or  in  the  sands  of  riven.  Considerable 
masses  of  metallic  ore  are  sometimes  found  in  rocksb 
particularly  of  iron  ore ;  but  these  masses  are  gene* 
rally  formed  by  the  meeting  of  numerous  veins,  or  are 
paits  of  metaUic  beds,  that  are  greatly  enkuged :~ 
they  will  be  described  with  beds  and  veins. 

MeiaUic  Beds* — Some  metallic  ores  occur,  taking 
the  form  of  regular  strata,  in  tlic  secondary  rocks,  or 
of  beds  in  transition  and  primary  rocks.  Ironstone 
in  thin  strata  alternates  with  coal,  coal-shale,  and 
sandstone,  and  has  been  described  with  tlie  coal 
strata,  in  Chap.  VIII. 

Iron  ore  oflen  forms  beds  of  considerable  thickness, 
interposed  between  rocks  of  gneiss,  mica-slate,  and 
slate.  Metallic  ores  in  beds  or  strata,  may  be  regarded 
as  constituent  parts  of  the  rocks  in  which  they  occur, 
and  must  be  contemporaneous  with  them  ;  the  metallic 
and  the  earthy  minerals  have  been  deposited  at  the 
same  time,  and  have  probably  been  separated  by 
chemical  affinity,  during  the  process  of  consolidation. 
Sometimes,  as  before  stated,  the  metallic  matter  is 
intermixed  with  beds  of  slate  or  other  rocks,  tn 
such  abundance,  that  the  whole  bed  is  worked  as  a 
metallic  ore.  When  a  bed  of  metallic  matter  swells 
out  irretin^ilarly  to  a  considerable  thickness,  it  forms 
masses  of  ore,  which  in  some  instances  attain  the 
magnitude  of  small  mountiins,  —  such  are  the  moun- 
tains of  iron  ore  in  Sweden  antl  Norway.  Metallic 
beds  are,  however,  of  limited  extent ;  they  seldom- 
traverse  a  whole  mountain  or  mountain  range,  but 
they  gradually  or  suddenly  become  narrow,  and  ter- 
minate, or  in  the  miners'  language  wedge  out.  There* 
are  few  known  beds  of  metallic  ores  in  England  j* 
the  principal  repositories  of  metallic  matter  are  in 
veins.   I  naive  however  ascertained,  that  the  oonpep 
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mines  formerly  wrought  in  the  transition  rocks  of 
Cumberland,  were  beds  of  copper  pyrites,  interposed 
between  the  beds  of  the  mountains  in  whicli  they 
were  found,  and  not  intersecting  them  li^e  veins. 
The  beds  of  rock  being  hi^ly  inclined,  the  thin 
metallic  beds  between  them  have  been  mistaken  for 
veins.  I  believe  that  several  metallic  repositories  in 
other  countries,  which  have  been  described  as  vdns» 
are  in  reality  beds ;  the  distinction  between  beds  and 
\  ciiis  not  heincf  well  understood,  tlicy  are  both  called 
veins  by  working  miners.  The  manganese  mines  at 
Doddisconihe  Leigh,  in  Devonshire,  are  irregular 
beds  of  oxide  of  manganese  in  red  sandstone.  The 
iron  mine  at  Dannemora  in  Sweden,  is  an  enormous 
bed,  which  has  swelled  out  to  the  thickness  of  one 
hundred  and  eighty  feet  of  nearly  compact  ore. 
Mercury  has  been  found  disseminated  in  beds  of  day 
and  sandstone.  Black  oxide  of  cobalt  occurs  in  beds 
of  sandstone  at  Aiderly  Edge  in  Cheshire* 

Metallic  Veins.  —  Perhaps  the  raider  may  obtain 
a  clearer  notion  of  a  metallic  vein,  bj  first  imagining 
a  crack  or  fissure  in  the  earth,  afoot  or  more  in  width, 
and  extending  east  and  west  on  the  surfiK^e,  many 
hundred  yards.  Sup})ose  the  crack  or  fissure  to  de- 
scend to  an  imknown  depth,  not  in  a  perpendicular 
direction,  but  sloping  a  little  to  the  north  or  south. 
Now,  let  us  again  sup])ose  each  side  of  the  fissure  to 
become  coated  with  mineral  matter,  of  a  different  kind 
from  the  rocks  in  which  the  fissure  is  made,  and  then 
the  w^hole  fissure  to  be  filled  by  successive  layers  of 
various  metallic  and  mineral  substances ;  we  shall  thus 
have  a  type  of  a  metallic  vein.  Its  course  from  east  to 
west  is  called  its  direction^  and  the  dip  from  the  per- 
pendicidar  line  of  descent  is  called  the  hading  of  the 
vein,  in  miners'  language.  Thus  it  is  said  to  hade  or 
dip  to  the  south  or  north.  Sec*  Now  it  is  obvious  that 
if  ^  the  direction  of  the  vein  were  changed,  or  its 
width  increased  or  diminished,  and  the  hade  or  dip 
were  increased  or  diminished  also,   we  sJiould  still 
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have  all  the  essential  conditions  of  a  metallic  vein 
remaining.  Let  us  now  proceed  to  describe  existing 
metallic  veins.  They  appear  to  have  been  originally 
fissures  cutting  through  different  beds  of  rock,  that 
have  been  subsequently  filled  with  metallic  ores, 
intermixed  with  other  mineral  matter,  of  a  different 
nature  firom  that  of  tlie  rock  which  is  intersected. 
Metallic  veins  are,  therefore,  considered  to  be  of 
posterior  formation  to  the  rocks  in  which  thejr  are 
round:  and  where  a  vein  cuts  through  difilerent 
rocks,  it  18  evident  that  its  formation  must  have  been 
more  recent  than  that  of  the  rocks  which  it  intersects ; 
but  where  a  vein  is  found  only  in  one  bed  of  rock, 
the  fissure  may  have  been  formed  and  filled  at  the 
period  when  the  rock  was  consolidated.  Metallic 
veins  are  principally  found  in  primary  and  transition 
rocks ;  they  are  often  separated  from  the  rocks  tliey 
intersect,  by  a  thin  wall  or  lining  of  mineral  substances 
distinct  from  the  rock,  and  sometimes  also  by  a  layer 
of  clay  on  each  side  of  the  vein.  The  same  substance 
which  forms  the  outer  coat  of  the  vein,  is  also 
frequently  intermixed  with  the  ore,  or  forms  layers 
alternating  with  it :  this  is  called  the  matrix,  gangue, 
or  veinstone.  It  appears  as  if  the  ore  and  the  vein- 
stone had  been  formed  over  each  other,  on  the  sides 
of  the  veb,  at  different  times,  till  they  met  and  filled 
up  the  fissure. 

Sometimes  the  ore  extends  in  a  compact  mass  fixmi 
one  side  of  the  vein  to  the  other  ;  but  not  unfre- 
quently  there  are  hollow  spaces  in  veins,  called  druses, 
which  are  lined  with  crystals;  in  these  cavities  the 
most  beautiful  and  reii:!ilar  crystalline  forms  are  ob- 
tained. Metallic  veins  often  divide  and  unite  again, 
and  sometimes  tiiey  separate  into  a  number  of  smaller 
branches,  called  strings.  A  gencrai  idea  of  tiie 
diiierent  modes  in  which  metallic  veins  intersect 
rocks,  and  arc  sometimes  intersected  by  each  other, 
is  represented  in  the  annexed  cut. 
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A*  A.  repretenti  •  meCaOie        wliich  at  B  dhmtetiatbti^ 
bcsocheiy  tiiat  unite  igtin  lower  down,  and  appear  to  tenttUilellr 
a  nnoiber  of  bnmcheeor  ttringB,  too  poor  to  be  profitably  woHbM."' 
In  aome  eaaes  tliese  bmclies  lead  to  a  contintiation  of  the  large 
vein. 

C.  is  a  vein  descending  in  a  dHfarent'diieelion.  IntUsTemtlM 
ore  and  matrix  in  some  parts  contract  to  a  narrowstring,  and  after- 
wards expand  to  a  considerable  width;  such  contractions  and 
eipansions  are  of  fireqnent  occnrrenoe  in  veins.  At  the  vein 
C.  is  cnt  through  and  displaced  by  the  vein  A.  Where  thb  sepa- 
ration takes  place,  it  is  evident*  as  was  first  observed  by  Mr.  PHce,  in 
his  Mmeraloffia  QmiMmtitt  that  the  vein  Ci,  which  is  cut  through, 
is  more  ancient  than  the  vein  A.  which  intersects  it  In  plate  7* 
fig.  4.  a  smaD  vein  is  represented  as  cut  into  three  parts  by  the 
larger  veins  a  and  6. 
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To  what  depth  metalUc  veins  descend  is  not 
known,  nor  is  it  ascertained  whether  they  generally 
grow  wider  or  narrower  in  their  descent.  The 
opinions  of  miners  on  this  subject  are  so  various, 
that  it  ma^  ^^'"'y  ^®  inferred  that  veins  diflier,  in  this 
respect,  m  different  situations.  No  instances,  I 
believe,  have  occurred  of  a  vein  being  absolutely 
worked  out  in  depth,  though  it  often  grows  too  poor  to 
repay  the  labour  of  working  deeper :  more  frequently 
the  further  descent  of  the  miner  is  stopped^  by  the 
difficulty  or  expense  of  removing  the  water.  Veins 
are  selcfom  rich  in  ore  near  the  suriacey  but  increase 
in  richness  as  the^  descend,  and  at  greater  depths 
become  poorer  again.  \l^en  Pryce  wrote  the  "  Mi- 
neralogy of  Cornwall,**  it  was  believed  that  the  richest 
state  of  a  mine  for  copper  in  that  county,  was  from 
eighty  to  one  hundred  yards  deep ;  and  for  tin,  from 
forty  to  one  luuidred  and  twenty  yards.  This  account 
by  no  means  agrees  with  the  present  state  of  the 
Cornish  mines.  Copper  and  tin  are  procured  in 
considerable  quantities  at  the  deptii  of  tour  hundred 
and  tiiiy-six  yards,  in  the  Doicoath  mine.  The  Ecton 
copper  mine,  in  StaiFordshire,  is  now  worked  at  the 
depth  of  four  hundred  and  seventy-two  yards  :  it  is 
the  deepest  mine  in  England.  The  deepest  mine  that 
has  been  worked  in  Europe,  or  in  any  part  of  the 
worldi  is  one  at  Truttenberg,  in  Bohemia,  which  is 
one  thousand  yards  below  the  surface. 

Metallic  vems  frequently  contain  different  ores  at 
various  depths.  Iron  ore,  copper  ore,  cobalt  ore,  and 
^ver  ore,  succeed  each  other  m  some  of  the  mines  in 
Saxony. 

In  France  there  are  mines  which  contain  copper 
ore  in  tlie  lowest  part,  siver  ore  above,  and  over  ttiat 
iron  ore. 

In  Cornwall,  blende,  a  sulphuret  of  zinc,  frequently 
abounds  in  the  upper  part  of  veins,  that  become  rich 
in  copper  as  they  descend  ;  the  blende  rarely  con- 
tinuing to  any  considerable  depth.  In  the  same  dis-  y 
trict,  tin  is  also  commonly  found  at  a  small  depth,  in 
veins  which  afterwards  prove  rich  in  copper.  Among 
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other  instances  tbat  might  be  quoted,  are  the  two 
deep  extensive  copper  mines  called  Huel  Unity,  and 
Cook's  Kitchen,  both  of  which  were  worked  for  tin 
at  first.  In  both,  the  tin  was  soon  extracted  ;  but  it 
should  be  noted  as  an  uncommon  circumstance,  that 
in  the  latter  mine,  after  working  to  the  deptli  of  one 
hundred  and  eighty  fathoms,  tirst  through  tin,  and 
afterwards  through  copper,  tin  wns  found  again,  and 
has  continued  down  to  its  present  depth  of  two 
hundred  and  ten  fatlioms  from  the  surface.  It  ought 
however,  to  be  added,  that  some  portion  of  tin  was 
found  in  diiferent  parts  of  the  vein,  which  may  there* 
fore  be  said  to  have  prevailed  more  or  less  firom  the 
surface  to  the  present  workings."* 

The  thickness  of  veins,  and  tlie  quantity  and 
quality  of  the  ore  they  contain,  vary  in  every  mine* 
borne  veins  are  only  a  few  inches  wide ;  others  are 
several  feet,  and  sometimes  several  yards,  in  wid^. 
Veins  are  often  narrow  in  one  part,  and  swell  out  in 
another.  The  vein  at  the  Dolcoath  mine  in  Cornwall, 
varies  from  two  or  three  feet  to  forty  feet ;  and  in 
some  places  it  contracts  to  Httle  more  tiian  six  inches. 
The  veinstone  is  quartz,  in  wliich  are  imbedded 
nuisses,  called  bunches  of  copper  pyrites,  coniosting 
of  copper  combined  with  sulphur  and  iron. 

Beside  perpendicular  veins,  sometimes  called  rake 
veins,  there  are  other  mineral  repositories,  called 
dat  veins,  or  iiat  works,  and  pipe  veins*  In  some 
instances  a  rake  vein  .declines  from  its  regular 
inclination,  and  '  has '  taken  the  direction  of  the 
beds  of  rock  running  between  them  for  a  greater  or 
less  extent,  and  then  resumes  its  former  inclination. 
In  other  instances  the  cavities  between  beds  or  strata 
are  filled  with  metallic  ores,  lying  between  an  upper 
and  lower  stratum,  like  a  seam  of  coaJ,  and  are  suhjecL 
to  similar  dislocations :  but  tiiese  are  not  retrular 
strata ;  tliey  may  frequently  be  traced  to  a  ]jerpen- 
dicular  or  rake  vein,  from  which  they  appear  to  he 
lateral  expansions    see  Plate  VII.       i^.,  in  whicli 

*  TnuwacUoiM  of  the  Geological  Soeiety,  voL  ii. 
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the  regular  vein  is  seen  descending,  and  the  flat  vein 
branching  off  on  each  side  near  the  bottom. 

There  is  generally  what  is  called  a  rider,  or  mass  of 
mineral  matter,  between  the  ore  of  very  strong  rake 
veins,  and  that  in  the  flat  veins,  at  the  place  of  junc- 
tion. The  flat  veins  that  run  parallel  between  the 
strata,  frequently  open  into  large  cavities  filled  with 
ore  and  veinstone ;  these  cavities  close  again  by  the 
contracting,  or  what  the  miners  call  twitching  of  the 
sides,  by  which  the  ore  is  nearly  or  totally  excluded. 

The  blue  John,  or  fluor  spar  mine,  near  Castleton, 
is  of  this  kind.  The  vein  which  contains  this  spar 
is  separated  from  the  limestone  rock  by  a  lining  of 
cawk  or  sulphate  of  barytes,  and  by  a  thin  layer  of 
unctuous  clay  ;  it  swells  out  into  large  cavities,  which 
contract  again,  and  entirely  exclude  the  ore,  leaving 
nothing  but  the  lining  of  the  vein  to  conduct  the 
miner  to  another  repositor}' of  the  spar.  The  crj^stal- 
lisations  and  mineral  incrustations  on  the  root  and 
sides  of  the  natural  caverns,  which  are  passed  through 
in  this  mine,  far  exceed  in  beauty  those  of  any  other 
cavern  in  England  ;  and  were  the  descriptions  of  the 
Grotto  of  Antiparos  translated  into  the  simple  language 
of  truth,  I  am  inclined  to  believe,  it  would  be  found 
,  inferior  in  magnificence,  and  splendour  of  mineral 
decoration,  to  the  natural  caverns  in  the  fluor  mine. 
This  mine  is  rarely  visited  by  travellers  :  the  descent 
Is  safe,  but,  tiie  roof  being  low  in  some  paits,  it  is 
rather  difficult  of  access. 

The  pipe  vein  may  be  described  as  a  tubular  mass 
of  ore  and  veinstone,  generally  descending  in  the 
direction  of  the  beds,  and  widening  and  contracting 
in  its  course.  In  reality,  the  pipe  vein  is  a  variety  of 
the  flat  vein,  having  the  sides  closed  or  twitched  in, 
so  as  to  form  a  tube  or  cavity  of  irregular  shape,  and 
of  very  limited  extent  along  the  line  of  bearing,  but 
descending  to  a  great  depth. 

Sometimes  one  vein  crosses  another  without  chang- 
ing the  direction  ;  and  if  they  both  have  nearly  the 
siunc  inclination,  or,  dip  nearly  to  the  same  point  oi' 
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the  compauss,  they  are  crenerally  richer  near  their 
junction,  as  at  6.  Plate  VII.  fig.  i.  When  a  number 
of  veins  cro-s  each  other  at  one  phce,  they  some- 
times fonn  a  cone  or  ma^s  of  ore  of  vast  size,  widen- 
ing as  it  descends*  Such  are  called  »^^twnn\^H»A 
veins.  They  occur  in  the  metallifefous  limestone  ct 
Durliam  and  Northumberland.  When  one  vein  craases 
another  in  an  opposite  direction,  they  often  are  ftond 
poorer  in  ore  near  the  junction.  Fig.  S.  shows  m 
ground  plan  of  the  vein  b  cut  through  nearfy  at 
f^gfat  angles  by  another  vein  or  cross  course:  in  sadi 
instances  the  vdn  ft  ft  becomes  poorer;  butthisisnot 
univer^lly  the  case.  In  the  same  figure  the  veins  e  c 
are  nit  through  obliquely. 

I'lie  direction  of  rake  veins  is  not  very  regular.  In 
England  tlie  principal  veins  generally  run  nearly  east 
and  west,  and  north-east  and  south-west ;  but  have 
frequently  undulations  and  deviations  from  a  straight 
line:  the  most  powerful  veins  are  more  regular  in 
their  course  than  smaller  ones.  Wliere  two  veins  in 
the  same  district  have  the  same  direction,  or  run 
parallel,  it  is  observed  that  their  contents  are  similar; 
out  where  th^  run  in  different  directions,  the  con- 
tents vaiy.  Mohna,  in  his  interesting  History  of 
Chili,  mentions  a  vein  of  silver  at  Uspalata,  in  the  . 
Andes,  which  is  nine  feet  in  thickness  throughout  its 
whole  extoit,  and  has  been  traced  ninety  miles. 
Smaller  veins  branch  off  from  each  ade  <Jt  it,  and 
penetrate  the  neighbouring  mountains,  to  the  distance 
of  thirty  miles.  It  is  believed  that  this  vein  stretches 
to  the  distance  of  three  hundred  miles.  A  vein 
called  the  Tidsvvell  Rake,  in  Derlnshire,  extends 
some  miles  east  and  west ;  it  is  worked  from  the 
surface,  and  may  be  seen  near  the  roadside,  1  between 
Great  Hucklow  and  Tidswell.  I  was  informed  in 
Cornwall,  that  no  vein  in  that  count v  had  been  traced 
in  length  more  than  two  miles  ;  nor  had  any  vein  been 
worked  out  in  depth.  The  common  width  of  the 
veins  is  from  one  to  two  feet>  but  sometimes  the  width 
exceeds  thirty  feeU 
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In  Cornwall  and  Devonshire,  and  in  the  mines  of 
Northumberland  and  Durham,  the  principal  metallic 
veins  range  nearly  east  and  west.  In  the  former 
counties  tliey  are  called  lodes,  in  the  latter,  right- 
running  veins.  The  north  and  souUi  veins  which 
intersect  them  are  called  cross  courses :  these  are 
seldom  productive  of  ore.  Plate  VII.  fig.  <3.,  the 
veins  hocc  are  represented  as  cut  tlirough  by  a 
cross  course.  It  must  be  borne  in  mind  that  this  is 
a  ground  plan.  The  thin  cross  courses  filled  with 
day  are  called  Jiwm.  I  was  informed  by  an  intelligent 
proprietor  of  mines  in  Comwallt  that  these  thin  cross 
courses  invariably  displace  the  vdns>  and  hold  up  the 
water  on  one  side  of  tne  vein  ;  but  it  is  most  worthy 
of  notice,  that  a  vein  which  is  rich  in  ore  on  one  side 
of  the  fluan,  will  be  poor  on  the  other.  Query,  Is  this 
connected  with  the  Jluan  holding  up  the  water  f  In 
Cornwall  displacement  by  cross  courses  is  only  a  few 
inches  in  some  veins,  in  others  it  is  several  fathoms.  On 
Alston  Moor,  in  Cumberland,  a  large  cross  course, 
called  Old  Carr's  Cross  Vein,  cuts  through  two  veins 
called  Goodham  Gill  Vein,  and  Grass  Field  Hill  Vein, 
and  has  thrown  them  aside  about  fifteen  or  twenty 
ftthoms*  When  the  cross  course  intersects  the  east 
and  west  veins  at  right  angles,  the  displacement  is 
generally  less,  than  when  it  strikes  it  in  an  oUique 
direction.  This  effect  will  be  more  clearly  understood 
by  rrferrinff  to  Plate  VII.  fig.  3, 

In  Nortnumberland  and  Durham,  cross  courses 
contain  ore,  near  thdr  junction  with  powerful  veins. 
In  Cornwall,  ores  of  silver  and  cobalt  have  been 
found  in  some  of  the  cross  courses :  and  at  the 
Botallack  mine,  nortli  of  the  Land's  End,  a  powerf  ul 
cross  course,  running  nortli  and  south,  is  made  rich 
hy  the  junction  of  east  veins,  wliich  resemble  small 
rivulets,  opening  into  a  river.  Their  position  will  be 
better  understood  by  referring  to  Plate  VII.  fig.  6. 
Tlie  direction  of  the  cross  course  or  great  vein,  running 
noith  and  south,  is  represented  by  the  letters    s»  the 
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direction  of  the  small  veins,  rich  in  ore,  which  open 
into  it,  are  represented  bv  e  e  e.  The  cross  course  is 
ricli  in  ore  to  the  distance  of  twentv  or  thirty  tathoms, 
on  each  side  ot  its  jnnction  witli  a  vein  ;  but  no  veins 
are  found  branching  from  the  v.  est  ^ide  of  the  ci  oss 
course.  The  cross  course  is  worked  in  tiiose  parts, 
where  it  is  rendered  rich  by  tiie  junction  witli  veins ; 
the  small  veins  are  also  worked  for  ore,  and  are  very 
productive*  The  rock  is  what  is  called  a  free  or 
soft  kiJIas,  near  the  great  cross  course  or  vein  ;  but 
fiirther  from  it,  it  b^mes  a  hard  blue  elvan  (JUfUjf 
$late).  The  width  of  the  vein  varies  from  nine  to 
twelve  feet  It  contains  grey  copper  ore  of  a  rich 
quality.  Sometimes  the  sides  of  the  vein  are  copper 
ore,  and  the  middle  is  tin  ore,  as  represented  rate 
VII.  fig.  7.  c  c,  wliicli  is  a  vertical  section  of  part  of 
the  vein  ;  fig.  6.  is  a  horizontal  section  of  the  cross 
course  and  veins.  Tlie  master  of  the  mine  furnished 
me  with  the  above  particulars  ;  and  under  his  direc- 
tion, Iniatie,  on  the  spot,  the  two  rough  sections,  w  iiich 
will  serve  to  convev  a  better  notion  of  this  sin<nilar 
metallic  repository,  than  can  be  obtained  by  a  verbal 
description. 

Nor  should  it  be  omitted,  that  the  entrance  ol* 
this  mine,  is  at  the  foot  of  a  precipice  more  than 
^00  feet  in  height,  on  the  border  of  the  Atlantic 
Ocean,  and  the  workings  of  the  mine,  extend  two 
hundred  and  thirty  yards  under  the  sea.  From  this 
submarine  recess,  I  saw  rise  up,  ode  trf"  the  best 
formed  and  noblest-looking  men  I  ever  beh^ — a 
perfect  model  for  the  Apollo  of  a  sculptor. 

Particular  metallic  ores  are  peculiar  to  certain 
rocks.  Thus,  tin  ore  occurs  in  granite,  and  some 
kinds  of  slate,  but  lias  never  been  ibund  in  limestone. 
Certain  ores  are  not unfrequently associated  together: 
thus,  lead  and  zinc  often  occur  in  the  same  vein,  but 
in  dirt'erent  j)roportions.  The  same  metal  in  various 
combinations  is  oflen  found  in  one  vein :  thus,  native 
eop])er,  sulphuret  of  copper,  carbonate  of  copper  or 

maiaciiite,  sulphate  of  copper  or  blue  vitriol*  and 
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copper  combined  with  lead  and  iron,  I'requently  occur 
together  in  the  same  mine. 

Galena,  a  sulphuret  of  lead,  is  olten  associated 
with  white  lead  ore,  or  carbonate  of  lead.  The 
latter,  though  a  rich  ore  containing  seventy  per  cent, 
of  lead,  has  no  metallic  appearance,  and  was  mistaken 
for  cawk,  and  thrown  away,  by  the  miners  in  Derby- 
shire, until  the  year  180S  or  1804.  The  mines  of 
that  county  have  been  worked  ever  since  the  time  of 
the  Emperor  Adrian,  and  the  quantity  of  ore  which 
has  been  wasted  during  that  period  must  have  been 
immense.* 

In  what  manner  metallic  veins  were  filled  with 

ore  has  greatly  divided  the  opinions  of  c^eologists. 
Dr.  Huttou  supposes  that  both  dykes  and  veins  were 
filled,  with  their  contents  in  a  state  effusion,  by  injec- 
tion from  below,  the  expansiv  c  force  of  the  melted 
matter  having  cracked  the  surface,  and  opened  a 
passage  for  its  reception.  (See  Chap.  X.)  'i'liat 
many  dykes  were  so  formed  I  think  probable,  from 
circumstances  previously  stated.  Other  dykes  appear 
to  have  been  oipea  fissures,  filled  by  materials  washed 
from  the  sui&ce,  and  contain  rounded  stones,  and 
sometimes  undecayed  vegetable  matter.  From  a 
dyke  of  clay  in  a  coal  mine  in  Yorkshire^  two  hun- 
dred and  fifteen  feet  deep,  I  have  drawn  out  long 
vegetable  fibres,  apparently  roots,  the  woody  part  of 
wmch  was  unchanged,  and  burned  like  the  roots  of 
common  weeds. 

Werner  supposes  aU  veins  and  dykes  were  first 
produced  by  the  shrinking  of  the  materials,  of  which 
mountains  are  composed ;  and  that  metallic  veins 
have  been  filled  from  above,  by  the  ores  in  a  state 

*  In  1810  few  of  the  working  miners  could  diBtinguish  compact 
white  lead  ore,  from  cawk  or  rolpliatc  of  barytcs;  tin  ir  specific 
gravity  and  appearance  are  not  very  different.  The  following  tost 
is  of  eapy  application,  and  will  serve  to  discover  the  presence  of 
lead  : — If  a  small  quantity  of  flowers  of  sulphur,  mixed  with  a  little 
potash  or  soda,  be  melted  on  the  point  of  a  knife,  in  a  candle,  and 
applied  to  die  moistened  rorfiuseof  the  stone,  it  will  make  a  black 
spot,  if  the  mineral  contain  white  lead  ore* 
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of  solution.*   This  theory  hM  been  advanced  with 

much  confidence*  and  wannly  suppoitBd  bjr  wumr 
geologists:  but  I  have  no  hesitatioa  in  Mertin^, 

that  it  is  demonstratively  repugnant  to  fiicts :  indeed, 
the  implicit  credit  winch  Iras  been  given  to  Wer- 
ner's dogmas  on  this  subject,  is  one,  among  nume- 
rous instances,  of  men  of  tlistinguislied  talents  re- 
signing their  judgment  to  authority,  and  siij)porting 
the  most  absurd  propositions,   when  contbrmable 
to  their  favourite  hypothesis.    If  veins  were  filled 
by  metallic  solutions  from  above,  these  solutions 
must  have  covered  the  highest  mountains  over  the^ 
whole  earth  i  and,  instead  of  finding  metallic  ores  in 
the  present  confined  repositories*  they  would  fill  ail 
the  cavities  and  valleys  in  ever^  part  of  the  wocbL' 
As  this  dieory  supposes  likewise,  that  veina  were' 
formed  at  different  times,  a  number  of  these  meCallicj 
solutions  would  succeed  each  other:   we  should ^ 
find  regular  strata  of  ore  in  all  primary  and  transition' 
rocks,  and  the  quantity  formed  by  these  deep  seas  of 
metallic  matter,  would  be  inconceivably  great. 

This  theory  is  decidedly  invalidated  by  the  follow- 
ing facts.  When  a  metallic  vein  passes  through 
dirterent  kinds  of  rock,  it  is  generally  observed  that 
the  quality  of  the  ore  varies  with  that  of  the  rock 
through  which  it  passes :  even  some  beds  of  the 
same  rock  are  more  productive  than  others,  and  are 
called  by  miners  hearing  measures.  This  is  the  case 
in  Durham,  Derbyshire,  Cornwall,  and  probably  iiy^ 
every  mining  district,  in  England  and  Wales. 

Not  only  does  the  variation  in  the  nature  of  the  rook;: 
occasion  a  change  in  the  quantity  or  ^uidit^r  of  tbe  or^ 
but  the  minenu  substance  or  matnx  which  accom- 
panies ores»  generally  varies  ia  different  kinds  of  ladsko 
Quartz  and  barytes  are  more  firequently  the  malxix  mi 
granite  and  slate  racks,  than  calcareous  spar  $  in  oaleaXi! 
reous  mountains,  quartz  is  rarely  the  prevailing  matrijUi 

■ 

•  The  round  pebbles  which  are  sometimes  found  in  veini^  hvnt 
been  cited  to  prove  that  veins  were  filled  from  abOTCi:  Uiay  were 
probubly  iatro4aeed  kj  aubteixanean  currents. 


Digitized  by  Google 


rORMATION  OF  VEINS. 


In  the  cbunlies  of  Durham  and  Northutnbeilandy 

veins  pass  through  siliceous  sandstone,  argillaceous 
shale,  and  limestone.  (See  Plate  VII.  fig.  The  ore 
is  more  abundant  in  the  limestone  than  in  the  sand- 
stone, and  in  the  shale,  provincially  called  plate^  ore 
very  rarely,  if  ever,  occurs.  In  one  mine  at  Welhope 
the  matrix  of  the  vein,  as  it  ])asses  through  the  sand- 
stone, is  cawk  or  the  sulphate  of  barytes  ;  but  when 
it  enters  the  limestone,  it  changes  to  carbonate  of 
barytes  in  balls,  having  a  radiated  diverging  structure. 
What  is  still  more  deserving  of  notice,  when  the  rock 
on  one  side  of  a  vein  is  thrown  up  or  down  consider»- 
ablji  so  as  to  bring  a  stratum  of  limestone  opposite  a  ' 
stratum  of  sandstone,  or  when  what  arc  called  the 
walk  or  cheeks  of  the  vein  are  of  two  different  kinds 
^  stone  (see  Plate  VII*  fig»  5.)s  the  vein  is  never  so 
productive  in  ore,  as  when  both  sides  of  the  vein  are 
of  die  same  kind.  In  the  above  figure,  difierent  strata 
are  oppomte  to  each  other»  except  where  Ihe  strata 
are  of  great  thickness :  thus,  parts  of  the  lower  bed 
of  limestone,  a  a,  form  the  wall  on  each  side  ot"  the 
vein,  and  in  such  situations  it  is  rich  in  ore  j  but  the 
upper  part  of  the  bed,  a,  is  brought  opposite  to  a  bed 
of  sandstone,  6,  on  the  left ;  and  in  this  part  of  the 
vein  it  will  become  poorer,  and  the  same  will  be  the 
case  when  the  vein  passes  through  the  upper  strata ; 
in  some  it  will  contain  no  metallic  ore.  This  fact 
alone  seems  sufiicient  to  invalidate  the  theory  of 
Werner,  that  veins  were  filled  with  metallic  solutions, 
poured  in  from  the  upper  part.  Had  this  been  the 
case,  the  nature  of  the  rock  could  have  made  no 
difference  in  the  quality  or  quantity  of  the^ore. 

Werner,  in  his  Treatise  of  Veins/'  states  one 
instance,  as  if  it  were  extraordinary,  of  the  ore 
changing  its  quali^,  as  the  vein  passed  through 
diffierent  rocks ;  and  is  inclined  to  admit  that  elective 
affinity  for  the  rock,  may  have  contributed  to  the 
effect.  The  circumstance,  so  far  from  being  extra- 
ordinary, is  of  common  occurrence,  and  known  to  all 
working  miners.    The  entire  cessation  of  the  ore  iu 
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one  ptrt  of  a  rock»  and  its  re-appeannce  below,  are 
adll  more  striking. 

In- Derbyshire  the  beds  of  meCalH&roiis  limestone 
ue  separated  by  beds  of  basaltic  rode,  called  toad^ 
stone.  When  a  vein  of  lead  is  worked  through  the 
first  limestone  down  to  the  toadstone,  it  ceases  to 
contain  any  ore,  and  of  ten  entirely  disappears :  on 
sinking  through  the  toadstone  to  the  second  lime- 
stone, the  ore  is  found  again,  but  is  cut  off  by  a  lower 
bed  of  toadstone,  under  wliich  it  appears  again  in  the 
tliird  limestone.  In  strong  veins,  particles  of  lead 
occur  in  the  toadstone,  but  in  very  small  quantities. 

If  mineral  veins  were  filled  from  above  by  metallic 
solutions,  it  is  impossible  to  conceive  that  the  nature 
of  the  rock  should  change  the  qualUy  of  the  ore ; 
much  less  could  the  ore  disappear  in  one  stratum, 
and  appear  again  in  a  stratum  below  it  Nor  oould 
the  vem  be  mled  by  matter  ejected  or  sublimed  &om 
below  ;  for  in  either  case  it  would  be  equally  impos- 
sible to  expliiin  why  the  ore  disappears  m  the  toad- 
stone, though  the  vein  is  continued  through  it.  See 
Plate  IV.  tig.  5,  where  b  b  b  are  three  beds  of  lime- 
stone divided  bv  beds  of  toadstone,  e  e,  and  covered 
by  sandstone.  When  the  vein  descends  to  the  hrst 
bed  of  toadstone, the  ore  disappears  ;  but  on  sinking 
through  to  the  second  bed  of  limestone,  it  is  found 
again :  it  disappears  a  second  time  at  the  next  bed  of 
toadstone,  and  reappears  in  the  lower  limestone,  3. 
Another  vein,  a  a,  is  supposed  to  penetrate  the  beds 
of  toadstone,  e  e,  but  contains  little  ore  where  it  passes 
through  them.  The  upper  part  of  the  vein,  a,  is  repre- 
sented as  penetrating  the  superincumbent  sandstone, 
which  is  sometimes  the  case  :  in  this  upper  part  of  the 
vein  the  most  curious  productions  of  tne  Odin  mine, 
near  Castleton,  are  discovered.*  Such  facts  prove  that 

*  The  fact  of  metallic  veins  being  entirely  cut  off  by  the  beds 
of  toadstone,  has  recently  been  doubted ;  it  is  supposed  tliat  Uie 
vein  is  continued  through  the  toadstone,  though  it  contains  no  ore ; 
bnt  the  Iket  of  Tciiis  being  cut  off  by  the  seams  of  clay  (caOed 
«wy  homrJU)  if  it  oonid  be  eetabliahed»  would  lead  to  the  aaaie 
ooodonoii  u  the  aqNuitioa  of  the  Tein  by  toadstone.— My  lale  vints 
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diese  veins  were  not  filled  from  above.  Pi'Ofessor 
Jameson  has  conjectured,  that  the  beds  of  toadstone 
and  limestone  in  Derbyshire^  with  the  metallic  veins^ 
were  all  cotemporaneous,  and  that  the  toodstond 
crossed  through  the  veins  at  the  time  of  their  form- 
ation ;  but  the  difierent  oi]ganic  remains  in  the  u^pet 
and  lower  beds  of  limestone,  preclude  the  possibiuty 
of  their  having  been  formed  at  the  same  time.  The 
zoophytes  in  the  lower  bed  of  rock  could  not  be  living 
and  co-existent  with  those  in  the  upper,  nor  with  the 
vegetable  remains  occasionally  found  in  the  sand- 
stone which  frequently  covers  the  whole,  and  into 
which  the  veins  sometimes  shoot.  Cuvier  has  well  " 
observed,  that  the  existence  of  different  organic  re« 
mains  offers  incontestible  proo&,  that  the  upper  and 
lower  strata  in  which  they  were  found,  were  formed 
in  succession.  As  a  &rther  proof  of  the  influence 
which  the  position  of  the  rocic  has  upon  the  vein 
which  intersects  it»  the  miners  both  in  Wales  and 
Derbyshire  maintaini  that  wherever  there  is  a  depres- 
sion  in  the  strata,  and  they  dip  on  both  sides  towards 
the  vein  (see  Plate  VII.  fig.  9-)  •  ^"^^^  situations 
the  richest  veins  occur. 

If  metallic  matter  were  not  poured  in  from  above, 
nor  ejected  form  below,  in  what  manner  did  it  come 
into  tlie  vein?  —  Tlie  state  of  chemical  science,  and 
the  facts  at  present  known*  are  too  limited  to  furnish  . 
a  solution  to  this  interesting  question.  There  are* 
however*  certain  indications  which  may  serve  as  a  due 
to  future  discovery. 

The  mrioHan  qf  the  mineral  products  in  veintf  as 
ihet/pass  through  different  strata,  seems  toprooe,Oiaithe^ 
etraia  wereeffiment  muses  in  producing  this  variation. 

  '  r  - 

to  Derbyihire  bave  oonTinced  me  more  fully  that  Mr.  Farey  was  too 

hasty  in  forming  his  opiiiioiis»  and  that  he  did  not  always  select  his 
information  from  the  best  sourcos.  Neither  the  beds  of  clat  nor 
toadstone  may  contain  ore,  and  yet  the  vein  may  pass  through  them, 
but,  being  unproductive,  it  is  not  noticed.  In  some  instances, 
the  beds  of  toadstone  may  have  been  protruded  between  the  beds 
<yf  Hmeifone,  after  the  formation  of  metallic  Teina,  as  Mr.  Whlteharit 
or^naTly  maintained. 
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The  discovert/  of  the  metallic  nature  of  the  vert/ 
earths  of  which  rocks  are  composed,  and  ihe probaJjilit^ 
that  the  metals  themselves  are  compound  stibstances 
4^  which  hydrogen  Jbrms  a  part,  open  new  views 
respecHng  the  formation  of  metallic  maUer  by  natural 
procetseSf  which  may  he  wiUiin  the  reach  of  human 
power  to  devehpCf  if  not  to  imitate. 

Perhaps  miiaUic  matter  was  diffused  Aron^ 
Jireni  rocks  according  to  their  eteeUoe  ajSlm^,  aid 
separatedfrom  them  by  voltaic  electricity,  me  d^ereni 
sides  of  the  vein  possessing  different  states  of  electricity ; 
or  the  strata  may  act  like  a  series  of  plates  in  the  voltaic 
pile,  separating  and  secreting  metallic  matter  from  its 
different  combinations.  Some  of  the  metals  and  other 
substances  found  in  veins,  are  capable  of  solnfio)i  in 
hydrogen  gas,  and  perhaps  all  of  them  may  be  so  by 
natural  processes  ;  in  this  state  titey  may  have  pene- 
trated the  vein^  and  deposited  their  cofUeiitsJ^ 

If  metallic  matter  be  now  forming  in  mines^  the 
process  of  its  formation  is  extremely  slow ;  but  there 
are  circumstances  which  appear  to  prove,  that  it  may 
in  some  instances  perceived.  Al.  Trebra,  director 
of  the  mines  in  Hanover,  informed  a  gentleman  of 
my  acquaintance,  that  he  hail  seen  a  leather  thong 
suspended  from  the  roof  of  a  mine  coated  with  silver 
ore :  he  had  also  observed  native  silver,  and  vitreous 
silver  ore,  coating  the  wooden  supports  left  in  a  mine 
called  Dreyweiber,  in  the  district  of  Marienburgh, 
which  had  been  under  water  two  hundred  year^  and 
was  opened  in  1777* 

M.  Trebra  was  led  to  infer  from  his  own  observ* 
ations  on  mines,  that  metallic  ores  are  formed  by 
mineral  exlialations,  or  were  once  in  a  gaseous  state* 
Mr.  Westgarth  Forster,  a  practical  miner  in  Northum- 

♦  The  part  printed  in  italics  appeared  in  the  first  edition  of  thin 
work,  1813,  p.  227.  I  soareely  expected  that  the  opinioiie  then 
advaneed,  would  in  little  more  than  twenty  years  aftennuds^  be  so 

strongly  confirmed  by  direct  experiments,  as  they  have  beeo  by 
those  of  Mr.  Fox  and  Mr.Croase.-— >See  Observations  at  the  end  o£ 
the  present  chapter. 
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berland,  states,  that  at  Wolfclough  mine^  in  the  count/ 
of  Durhani,  which  was  closed  for  more  than  twenty 
jeeaSf  and  opened  again,  needles  of  white  lead  ore 
were  observed  projecting  fiom  the  walls,  more  than 
two  inches  in  length. 

These  and  other  phenomena  observable  in  mines, 
may  convince  us  that  there  are  processes  going  on  at 
present  in  the  great  laboratory  of  the  earth,  and  per- 
haps there  are  analogous  processes  taking  place  in  tlie 
atmosphere,  wliich  may  throw  some  light  on  these 
hidden  operations  of  nature  Tlie  formation  of  saline 
matter  on  the  surface  of  walls,  is  a  fact  which  merits 
more  attention  than  it  has  hitherto  received.  Dr. 
Kidd,  of  Oxford,  has  published  some  very  ingenious 
observati<»is  and  experiments,  on  the  spontaneous 
production  of  nitre  on  limestone,  which  may  lead  to 
more  important  results,  than  the  learned  Professor 
appears  to  have  anticipated.  These  ex{>eriments 
show, .  that  neither  the  alkali  nor  the  acid  exists 
previously  in  the  stone :  nor  do  they  exist  ready 
termed  in  the  moisture  of  the  atmosphere,  dry  frosty 
weather  being  particularly  favourable  to  the  rapid 
production  of  nitre,  and  moist  weatlier  the  contrary. 

When  a  portion  of  the  wall  was  protected  from 
access  to  the  atmospliere  by  i^lass,  which  projected  a 
little  distance  from  the  surface,  tlie  formation  of  nitre 
went  on  for  a  certain  time,  and  then  ceased.  Tlie 
saline  crystals  were  better  defined,  and  longer,  than 
on  the  other  parts  of  the  wall.  When  the  wall  was 
coated  with  paint,  crystals  of  nitre  were  even  formed 
on  the  paint.  The  formation  of  carbonate  of  lead  on 
the  walls  of  the  mine  at  Wolfi^lou^h,  may  be  analo- 
gous to  the  formation  of  nitre,  and,  m  both  instances, 
the  surface  of  the  wall,  and  of  the  atmosphere,  may 
perhaps  be  considered  as  two  galvanic  plates  in  action, 
decomposing  and  recompounding  the  elements  of 
metallic  or  saline  matter  iruin  the  atmosphere,  or  the 
gaseous  fluids  with  which  it  is  intermixed.  The  base 
of  nitre  (potassium)  is  known  to  be  a  metal ;  and 
could  we  seize  nature  in  the  act  of  producing  a  fixed 
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metallic  treasureo  m  the  deep  recesses  cf  the  earth. 
Nor  can  the  discovefr  be  very  remote ;  for  we  are 
alread}  acquainted  with  the  composition  of  the  volatile 

alkali,  and  are  thereby  enabled  successfully  to  imitate 
nature  in  its  formation. 

When  the  matrix,  or  the  substance  which  princi- 
pally fills  veins,  is  a  soft  unctuous  clay,  masses  and 
particles  of  ore  are  often  disseminated  through  it, 
varying  in  size  from  a  pea  to  that  of  a  large  gourd, 
and  are  sometimes  even  of  many  tons*  weight. 
Masses  of  veinstone  are  also  imbedded  in  the  same 
manner ;  and  it  is  observed  that  the  masses  both  of 
ore  and  veinstone  are  of  no  determinate  shape,  and 
have  generally  the  appearance  of  being  corroded* 
'  Are  we  to  conclude,  in  such  instances,  tlmt  the  bard 
minerals,  and  metallic  ores,  have  been  formed  in  the 
substance  of  the  clay  by  some  peculiar  elective  affinity, 
or  that  they  once  occupied  the  cavity  of  the  vein,  and 
have  been  all  subsequently  decomposed,  except  the 
remaining  detached  masses  ?  I  should  be  more 
inclined  to  adopt  the  former  opinion;  but  it  must  be 
allowed,  tliat  there  are  inexplicable  instances  of  the 
disappearance  of  minerals,  which  formerly  existed 
in  veins. 

The  formation  of  one  mineral  upon  the  crystals  of 
another,  and  the  disappearance  of  the  crystu  which 
has  served  as  the  inould,  is  indeed  a  common  pbeno* 
menon  in  many  English  mines.  I  have  before  me  a 
mass  of  rock  ciystd  from  Durham,  formed  on  cubic 
fiuor  spar,  but  the  crystals  of  tlie  latter  have  entirdy 
disappeared,  leaving  nothing  but  the  impression  of 
their  form.  In  the  mines  of  Derbyshire,  incrustations 
of  calamine  are  formed  on  calcareous  crystals,  taking 
the  shape  of  the  dog-tooth  .spar ;  but  in  these  false 
crystals,  no  trace  of  the  interior  crystal  is  left.  Cer- 
tain local  causes  also  appear  to  influence  the  crystal- 
lisation of  minerals  in  difiercnt  districts,  and  to  dispose 
them  to  take  peculiar  secondaiy  ibrms,  which  may  be 
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considered  as  appropriate  to  the  minerals  of  that  dis- 
trict. The  pyramidal  crystiillisation  of  carbonate  of 
lime,  called  the  dog-tooth  spar  {chaux  carhonaUe 
nietastatique  of  liauy),  is  abundant  in  some  of  the 
mines  of  Derbyshire,  whilst  the  same  mineral  rarely 
assumes  that  fovm  in  the  mines  of  Northumberland 
and  Durham,  but  is  crystallised  in  other  forms,  which 
are  equally  rare  in  the  Derbyshire  mines.  Fluor 
spar,  and  sulphate  of  barytas,  luve  appropriate  forma 
in  different  districts,  fix>m  which  any  deviations  may 
be  considered  as  varieties.  The  causes  which  occa- 
sion this  diversity  of  secondary  forms,  in  minerals 
whose  constituent  parts,  appear  by  clieniical  analysis 
to  be  precisely  the  same,  are  unknown ;  nor  are  we 
able  to  explain,  in  wliat  manner  the  crystals  before 
mentioned  have  disappeared,  but  these  facts  prove, 
that  the  powers  of  nature  extend  beyond  the  present 
limits  of  science ;  and  it  is  more  consonant  with  the 
true  spirit  of  philosophy,  frankly  to  acknowledge  our 
ignorance,  than  to  form  systems  from  imperfect  data, 
which  can  only  serve  to  perpetuate  error. 

Metalhc  ores  in  rounded  fra^ents,  and  grains  of 
native  metals  are  frequently  found  in  the  sands  of 
rivers ;  they  have  been  carried  there  by  torrents  or 
inundations ;  the  rocks  in  which  they  were  originally 
formed,  having  been  disinlcgjaled  or  decomposed. 
The  metals,  gold  and  platina,  being  indestructible  by 
the  action  of  air,  water,  or  the  mineral  acids,  remain 
for  ages  unchanged,  in  the  form  of  minute  grains. 
The  oxitle  of  tin  is  a  very  heavy  and  iiard  mineral ; 
and  it  is  owing  to  its  weight  and  indestructibility, 
that  it  is  found  in  the  sands  of  rivers,  or  on  tlie  sea 
shore,  where  it  sometimes  occurs  in  considerable 
quantities,  and  is  separated  from  the  sand  or  alluvial 
soil  by  directing  streams  of  water  over  it :  hence  such 
works  are  in  Cornwall  caUed  Stream  Works.  With 
the  pebbles  of  tinstone,  there  are  fragments  of  granita 
and  other  rocks,  which  serve  to  indicate,  from  what 
mountains  in  the  vicinity  the  stream  tin  has  been 
washed  out.    Particles  and  small  pieces   oi'  gold 
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are  sometimes  found  with  stream  tiD»  in  tlie  sauds  of 
Cornwall. 

Gold  being,  as  before  stated,  less  subject  to  chemi- 
cal change  tfiaii  the  other  metals,  is  found  in  the 
sands  of  livers  in  various  parts  of  the  world,  particu- 
larly  in  Africa  and  South  America.  A  considerable 
part  of  the  gold  obt^uned  from  Africa,  is  procured  tnr 
washing  the  sand  of  rivers  ;  it  is  found  in  smsJl 
grains  called  gold  dust  It  has  been  remarked,  that 
m  certain  parts  of  rivers  the  sanch  were  rich  in  gold, 
which  seemed  to  be  renewed  after  heavy  rains,  and 
yet  but  little  gold  was  found  in  the  sancb  higher  up 
the  river.  No  satisfactory  explanation  has  been 
offered,  respecting  the  limitation  of  the  auriferous 
sands  to  certain  localities.  Facts  have  recently  been 
stated  to  the  author,  by  a  gentleman  connected  with 
the  gold  mine  companies  in  North  Carolina,  wliich 
appear  to  ekicidate  the  periodical  renewal  of  gold 
in  tiie  Airican  rivers.  About  the  year  1810,  gold 
was  found  in  tlie  beds  of  several  rivers  in  North 
Carolina:  one  mass  was  obtained  wdghing  SSlbs. 
Afterwards  grains  of  gold  were  discovered  in  the 
beds  of  several  of  the  rivers  and  brooks  both  of 
North  and  South  Carolina,  and  of  Georgia.  For 
some  years  after  gold  had  been  discovered  in  these 
states,  the  inhabitants  were  content  with  searching 
for  golti  ill  the  beds  of  the  brooks  and  rivers  ;iiter 
heavy  rains.  One  of  tlie  proprietors  of  a  gold  stream, 
having  noticed  that  it  never  yielded  gold  above  a 
certain  point,  where  a  small  brook  entered  into  it, 
was  induced  to  trace  the  brook  to  its  source,  and 
discovered  in  the  adjacent  rocks,  veins  of  quartz, 
which  were  found  to  contain  pieces  of  native  gold, 
and  were  subsequently  worked  as  mines.  It  is  highly 
probable  that  in  Ainca,  the  sands  in  certain  parts 
of  rivers  become  auriferous,  by  the  depositioiia  ^ 
rivulets  that  flow  into  the  main  stream* 

Mr,  Hennah,  of  Plymouth,  has  in  his  ooOectii 
several  pieces  of  native  gold,  varying  from  the  sise  of 
a  bean  to  that  of  a  hazel-nut    tliey  were  ibund  in 
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stream  works  near  St.  Austel.  He  has  also  a  specimen 
of  stream  tin,  eight  or  nine  inches  in  length,  and  five 
or  six  in  breadth,  which  was  evidently  once  part  of  a 
vein.  In  the  same  stream  work  the^  coold  distinguish 
at  different  depths,  the  different  veuis  from  which  the 
ore  had  been  washed  out.  The  pebbles  of  tin  ore 
have  in  some  situations  been  wasned  into  the  sea, 
and  afterwards  covered  by  beds  of  clay  or  gravel.  In 
Mount's  Bay,  south  of  the  town  of  Penzance,  there 
was  formerly  a  bed  of  stream  tin,  worked  under  the 
sea.  The  stream  tin  covers  the  killas  or  slate  rock  of 
the  country,  and  is  covered  by  a  bed  of  clay  :  a  per- 
pendicular shaft  or  tunnel  was  sunk  tluough  tlie  clay, 
and  the  bed  of  stream  tin  was  worked  like  a  bed  of 
coal,  the  clay  ibrming  the  roof.  (Sec  Plate  VII.  fig.  8.) 
The  workings  were  continued  under  the  sea,  but  were 
at  length  inundated  and  discontinued.  The  bed 
with  pebbles  of  tinstone,  is  seen  covering  the  beds 
of  slate ;  upon  this  is  a  thick  bed  of  water-tight  day, 
over  which  the  tides  roll.  An  iron  cvlinder  was 
sunk  through  the  day  as  a  shaft  to  the  tinstone, 
which  was  worked  like  a  bed  of  coal  and  drawn  up  the 
cylinder. 

The  I'ollowing  is  a  summary  account  of  the  geolo- 
gical localities  in  which  the  different  metallic  ores  are 
generally  found  : — 

Platina  and  the  recently  discovered  metals  palla- 
dium, rhodium,  osmium,  and  iridium,  have  diiefly 
been  found  in  the  sands  of  rivers. 

Gold  and  silver  are  found  in  primary  and  transition 
rocks,  in  porphyry  and  sienite,  and  in  the  lowest  sand- 
stone. Gold  has  been  occasionally  discovered  in  coal, 
and  very  abundantly  in  the  sands  of  rivers,  and  some- 
times in  volcanic  rocks.  Silver  is  very  frequently 
associated  with  lead,  in  different  proportions,  in  the 
lead  ores  of  Great  Britain :  in  some  of  therii,  the 
quantity  is  so  considerable,  as  to  be  worth  the  expense 
of  extractiiig  it  from  the  lead,  by  calcination. 

Mercury  is  found  in  slate,  in  limestone,  and  in  coal 
strata. 
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Copper,  in  primary  and  transition  rocks^  in  por- 
phyry, sienite,  and  occasionally  in  sandstone,  in  cod 
strata,  and  alluvial  ground.  Masses  of  native  copper 
of  many  thousand  pounds  weight,  are  said  to  be  round 
on  the  surface,  in  the  interior  of  North  America. 

Iron,  in  every  kind  of  rock. 

Tin,  in  granite,  gneiss,  mica-slate,  and  slate. 

Lead  and  zinc,  in  primary  and  transition  rock?, 
particularly  in  the  mountain  limestone  ;  also  in  por- 
phyry and  sienite  ;  in  tiie  lowest  sandstone,  and  occB^ 
sionally  in  coal  strata. 

Antimony,  in  primary  and  transition  mountains  j  it 
is  also  found  in  porphyry  and  sienite. 

Nickel,  bismuth,  cobalt,  in  primary  mountains, 
except  limestone  trap*  and  serpentine.  Cobalt  and 
nickel  also  occur  in  transition  mountains,  and  in 
sandstone. 

Arsenic,  in  primary  and  transition  mountains^  and 
in  porphyry. 

Manganese,  in  primary  and  transition  mountains 
and  occasionally  in  the  lower  stratified  rocks. 

Molybdena  and  tungsten,  uranium,  and  titanium* 
in  granite,  gneiss,  mica-slate,  and  slate.    The  latter 

metals,  with  chromium,  columbium,  cerium,  and  tellM- 

riuni,  are  very  rare  in  nature,  and  can  only  be  reduced 
to  the  metallic  state  with  great  difficulty. 


OBSERVATIONS  ON  ELIXTRO-CHEMICAL  EXPKRIMENTS,  THAT 
£LUCIDAT£  THE  FORMATION  Ol?  METALLIC  ORES. 

The  experiments  and  cHseoveries,  recently  made  by  the  aid  of 
voltaic  electricity,  have  tended  much  to  eluci<!atc  the  formation 
of  metallic  ores  in  ditierent  rocks,  as  I  anticipated  tvventy-ii»^ 
years  since  would  probably  be  the  case,  see  p.  500.  The  cooiieC* 
Hon  between  Toltaie  electricity  and  magnetiim,  if  not  their  identity, 
it  BOUT  dearly  establiglied,  but  this  discovery  has  led  to  tofBie  erro- 
neous opinions  and  stat<*ments,  respecting  the  direction  of  metallic 
veins,  and  its  relation  to  tlie  magnetic  meridian,  with  which  there 
can  be  no  connection  whatever.  The  angle  of  the  magrutic  nicri- 
diau  being  ever  variable,  and  having  a  range  of  fifty  degrees  frofl* 
east  to  west,  we  cannot  admit,  tiiat  the  diiection  of  metalBe  wea» 
in  any  way  dependent  on  its  influence,  unless  it  could  be  proved, 
that  metallic  veins  changed  their  position  and  travelled  east  sb^ 
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west*  with  the  variation  of  the  magnetic  ueeclle«  This  would  indeed 
be  <«  an  mkmnduig  JacL^^Set  Aihetueum,  Sept  3.  1886.  Report 
of  the  British  Assodation. 

Mr.  Crosse  of  Broomfield,  Somersetshire,  gave  an  account  at  the 
meeting  of  the  British  Association  at  Bristol,  August  1836,  of 
various  experiments  made  with  a  voltaic  apparatus,  which  had 
retained  it8  energy  for  a  whole  year,  by  the  agency  of  pure  water 
only.  The  water  from  a  cavern  in  the  Quantock  hills,  he  sub* 
nitted  to  the  action  of  this  appantus  ibr  seravl  days»  and  succeeded 
in  procnring  calcareous  spar,  and  airagonite  (simihur  to  what  had 
been  found  in  the  cavern),  by  the  percolation  of  water,  over  lime- 
stone and  clay  slate.  In  a  similar  manner  he  succeeded  in  obtaining 
from  met.illic  solutions,  carbonate  of  copper,  phosphate  of  copper, 
arseniatc  ot  copper,  carbonate  of  lead,  sulphuret  of  iron,  and  many 
other  minerals ;  and,  what  is  more  extnordinaiyy  he  sueceeded  in 
the  formation  of  qnarts  crystals  (by  the  same  apparatus)  from  fluo- 
silicic  acid. 

Mr.  Fox  of  Falmouth  has  made  numerous  experiments,  proving 
the  agency  of  voltaic,  or  what  he  calls  electro-magnetic  agency,  on 
the  formation  of  metallic  ores  in  veins.  He  is  of  opinion  that 
different  saline  solutions  may  be  contained  in  the  minute  fissures, 
and  intentices  of  rocks,  which  may  place  these  rocks  in  different 
electrical  condittons  with  respect  to  each  other»  and  he  suggests, 
that  the  high  temperature  of  water  in  the  deeper  parts  of  veins, 
may  give  it  a  great  power  of  dissolving  saline  or  earthy  minerals, 
and  that  the  water  in  ascending  would  lose  its  temperature,  and 
deposit  its  contents  on  the  sides  of  veins. 

The  formation  of  arragonite  and  calcareous  spar  from  the  same 
water,  as  it  passed  over  rocks  of  slate  or  limestone^  as  above  stated 
by  Mr.  Crosse^  was  evidently  the  result  of  the  diflbrent  electrical 
conditions  of  the  two  rocks ;  for  Mr.  Crosse  produced  both  these 
minerals  from  the  same  water,  at  the  opposite  wire**  or  poles  of  liis 
voltaic  apparatus.  It  is,  I  think,  highly  probable  that  the  matter 
that  forms  metallic  beds,  between  two  beds  of  rock,  was  originally 
difilised  through  one  of  them,  in  a  state  of  solution,  and  was  after* 
wards  separated  by  electrical  agency  and  collected  into  an  irreguUr 
stratum  or  bed*  The  passage  or  transft  rence  of  one  mineral  sub- 
stance through  another,  by  electro-chemical  action,  has  been  fully 
established,  an<l  it  is  not  improbable,  that  the  same  agent  may  be 
also  operative  in  t'ormiug  those  hard  concretionary  masses  or  strata, 
otten  found  in  beds  of  sand  or  marU  Such  are  the  irregular  strata 
of  fibrous  gypsum  in  red  nuu^  running  in  diflbrent  directkms 
through  it,  and  the  siliceous  masses  and  concretions  in  green  sand ; 
•eep.8^. 
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CHAP.  XXL 


ON  SUBTERRANEAN  RIVERS  AND  CURRENTS,  AND 

ON  CAVERNa 


Occurrence  of  Suberranean  Curreots  and  Rivers  in  various  Paru 
of  the  World.— The  Principal  Agents  in  the  FormatioD  of 
Caverns.  —  Remarkable  Cavern  and  Cascade  in  the  Speedwell 
Minc^  Derbyshire.  *— Subterranean  Currents  and  Caverns  gene- 
rally in  calcareous  Mountains.  —  The  Reason  explained.  —  Sub- 
terranean Currents  connected  with  the  Surface  Water,  deposit 
Animal  and  V^egetable  liemains  between  ancient  Strata.,  proved 
by  Facts.  —  CsTems  with  Bones  of  extinct  Species  of  Animals 
in  Germany  and  France^  intermixed  with  Hnman  Bones,  aid 
Implements  of  Industry.-—  Bones  introduced  into  Caverns  by 
Subterranean  Currents  and  other  Causes,  and  at  different 
Epochs.  —  Bono  Cavern  at  Kirkdale,  in  Yorkshire,  and  at  Ban- 
well,  in  Somenjetshin!. —  Bones  found  in  the  Clefts  and  Fissures 
of  Rocks  forming  Osseous  Breccia  in  various  Parts  of  Europe^ 
and  in  New  Holland.  —  Epochs  of  their  Deposition,  supposed  to 
be  different  m  distant  Parts  of  the  Globe. 


Beside  the  fissures  and  spaces  filled  with  metallic 


matter*  that  occur  in  the  older  rocks,  as  described  in 
the  preceding  chapter,  there  are  empty  spaces  or 
caverns,  that  sometimes  extend  fiir  into  the  interior 
of  mountains,  and  sometimes  descend  to  considerable 

depths.  Almost  all  large  caverns  occur  in  limestone 
rocks,  chiefly  of  tlie  transition  and  the  secondary  class. 
Caverns,  in  some  instances,  may  have  been  formed  by 
the  uplieaving  or  subsiding  of  rocks,  but  they  have 
most  frequently  been  excavated  by  subterranean  cur- 
•  rents  of  water,  whicli  have  enlarged  original  fissures, 
or  carried  away  the  beds  of  soft  clay  or  loose  sand, 
that  were  interposed  between  bard  strata.  Many 
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large  caverns  have  streams  of  water  constantly  running 
through  them,  and  after  heavy  rains  they  are  often 

gorged  with  water,  which  issues  with  violence  from 
their  nioutlis.  This  is  the  case  with  the  great  Peak 
Cavern,  near  Custleton,  in  Derbyshire. 

The  action  of  subterranean  currents  of  water,  iias 
scarcely  been  attended  to  by  geologists,  but  were  it 
better  understood,  it  might  probably  afford  a  satisfac- 
tory explanation  of  several  facts  in  geology,  that  have 
been  regarded  as  anomalous^  particularly  that  of  the 
occurrence  of  bones  in  caverns  which  have  no  opening 
to  the  surface. 

The  mountain  or  transition  limestone  of  Craven,  in 
Torkshu^  forms,  in  many  parts,  a  nearly  flat  elevated 
8ur£u!e  of  table  land,  covered  with  vegetation,  but 
intersected  by  numerous  vertical  fissures  or  chasms  of 
vast  length  and  depth,  varying  from  a  few  inches  to 
a  foot  or  more  in  width.  Many  of  the  fissures  widen 
as  tliey  descend,  and  at  the  bottom,  streams  of  water 
may  be  frequently  heard  running.  During  snow,  it 
is  not  uncommon  for  slieep  to  be  lost  in  these  chasms, 
and  the  whole  surface  is  extremely  dangerous  to 
traverse  in  the  dark.  Limestone  plains,  intersected 
by  such  fissures,  may  be  regarded  as  natural  traps 
for  herbivorous  animals,  into  which  the}  may  fall  m 
drovesy  when  chased  by  beasts  of  prey.  Theu:  bones 
mav  either  stick  fist  in  the  fissures,  and  be  afterwards 
indosed  in  calcareous  stalactites,  or  they  may  be 
carried  by  subterranean  currents  into  caverns  which 
have  no  communication  with  the  suiiace.  Such  was 
the  cavern  at  the  Bull's  Eye  mine,  near  Worksworth, 
in  Derbyshire,  which  was  opened  by  mining  operations 
in  the  year  1663,  and  contained  the  entire  skeleton  of 
an  elephant. 

There  is  a  considerable  river,  called  the  Pinka,  in 
the  cavern  at  Adlesberg,  in  Caniiola,  which  forms  a 
subterranean  lake,  where  it  appears  to  be  lost ;  but  the 
liver  emerges  again  on  the  north  aide,  and  takes  the 
luuneof  die  Renz«  This  cavern  is  one  of  the  largest  in 
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Europe;  it  extends fiir tevenl Icagoes into  a 

reoiis  mountain,  situated  between  Lay  bach  and  Tricst*. 

and  contains  the  bones  of  bears  and  oAer  ammala^  at 

the  mud  tliat  forms  the  floor  of  the  cavern,  or  nther 
series  of  caverns,  that  are  connected  by  pa:.-;iij:es  with 
each  other.  There  arc  numerous  caverns  and  trrottoes 
in  the  vicinitv  of  Atllesher^,  anil  the  surface  ot  i^^e 
conntry  is  in  vurions  ])arts  broken  by  depressions  rrom 
the  subsidence  of  the  roots  of  these  caverns.  Doiibtlc^ 
there  are  subtemuiean  rivulets  in  all  these  ca\  t  rn-, 
which  are  continually  in  action,  and  are  undemiiniu^ 
and  wearing  down  tne  rocks  that  support  the  stntai 
abov6  them. 

In  Derbyshire,  and  the  district  called  Craven*  in 
YcM^kahire,  beside  the  subterranean  rivulets  befera 
mentioned,  there  are  currents  erf*  water  incessantly  m 
action,  which  are  only  discovered  by  mining  opem- 
tions.  The  Speedwell  mine,  near  Cast! eton,  in  Derby- 
shire, is  a  subterranean  tunnel  and  canal,  nearly  half 
a  mile  in  lengtli,  penetratins:  into  the  centre'  of  a 
mountain  composed  of  metaliiierous  limestone  :  the 
descent  to  the  canal  is  by  a  flight  of  steps,  about  tbrt>' 
yards  in  deptJi.      The  mountain  is  intersected  by 
numerous  metallic   veins,   and   the    proprietors  ot 
the  mine  intended  to  carry  the  tunnel  and  canal 
through  the  whole  extent,  in  Older  to  discover  the 
vems,  and  Jiave  ready  access  to  work  them,  and  bring 
out  the  ore.    i^he  stone  was  obliged  to  be  excavat^ 
by  blastmg.  and  before  every  explosion,  the  mineia 
retired  for  safety  to  a  distance  m  the  tunneL  When 
they  had  proceeded  m  this  manner  about  eight  hun- 
dred yards  they  were  greatly  alarmed  after  «  blast,  to 
hear  the  tremendous  roaring  of  a  torrent,  and  fled 
towards  the  entrance  of  the  tunnel.    A  miner,  who 

SS^iat  escaping  from 

^S  aSS^??^'^^^^^^^  ^hey  had 

sound  to  grow  less  alarming  ^    they  Uien 
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halted  awhile,  and  took  courage  to  retuni,  when  they 
discovered  that  the  last  blast  had  made  an  opening 
into  a  spacious  cavern,  and  that  a  torrent  of  water 
was  falling  from  a  considerable  heii^ht  into  a  vast 
chasm  on  one  side  of  it.  The  loud  roaring  of  the 
water  was  greatly  increased  by  the  echoes  of  the 
cavern  ;  for  in  the  roof  of  this  csnvem  there  is  a  wide 
opening  into  an  upper  cavern,  the  top  of  which  is  not 
visible  from  below,  even  with  the  illumination  of  fire- 
worksy  which  those  who  show  the  mine  generally 
take  with  them. 

By  the  ceaseless  action  of  such  internal  currents  of 
water,  iiilling  into  original  fissures,  or  descending 
through  soft  strata  in  mountains  of  compact  lime- 
stone, it  is  easy  to  conceive,  that  caverns  of  great 
extent  may  be  excavated.  A  very  few  years  since,  a 
miner,  in  drivinij^  an  adit  or  ])assage  into  the  heart  of 
the  well-known  rock  called  Matlock  High  Tor,  dis- 
covered a  large  cavern  and  a  lake  in  the  middle  of 
the  mountain.  Many  of  the  coves  or  caves  in  Craven* 
in  Yorkshire,  were  originally  caverns,  the  roo6  <^ 
which  have  Mien  in ;  they  have  streams  of  water 
rushing  into  them,  forming  subterranean  cascades. 
The  cavern  called  Weather-Coat  Cove,  and  the  rocks 
at  Oordde  Scar,  ofier  illustrations  of  the  efiects  of 
subterranean  currents. 

Where  powerful  springs  of  water  rise  at  once  to 
the  surface,  it  is  obvious  that  they  are  not  the 
result  of  slow  percolation  through  porous  strata, 
but  that  they  are  the  outlets  of  internal  streams  or 
rivers.  The  river  Air  rises  at  the  foot  of  a  perpen- 
dicular limestone  rock,  called  Malham  Cove,  in  Cra- 
ven ;  it  is  a  broad,  powerful,  and  permanent  stream, 
before  it  receives  any  tributary  rivulets  from  the 
adjacent  vallqra.  It  is  generally  believed  that  the 
subterranean  stream  which  gives  rise  to  the  river 
Air,  is  connected  hr  intemd  passages  with  Malham 
Tain,  a  mountain  we,  situated  at  a  distance.  Per- 
hiHps  the  spring  at  Holywell,  in  Flintshire,  may  be 
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cited  as  offering  a  nmibr  proof  of  onder-gxxNiiid 

riv  l!'.:^  • 

The  reason  why  subterranean  streams  ot  water, 
and  extensive  caverns,  ^iioalJ  caieHv  (KX'iir  in  dis- 
tricts wiiere  compact  transition,  or  mouiuain  lime- 
stone, is  the  prevaiiiiiLT  ruck,  will  admit  of  an  easy 
explanation.    Slate  rocks  are  almost   always  inter- 
sected by  perpendicitUr  figures,  which  csLiry  off  the 
water,  and  prevent  its  accumulating  in  Ivge  streams  ; 
and  the  secondary  strata  in  England  are  generalijr  too 
soft,  or  too  much  broken,  to  form  the  100&  of  exten- 
sive caverns*  or  the  beds  of  subtemnean  rivers.  In 
the  vicinity  of  the  Alps,  where  the  secondaiy  lime- 
stones are  extremely  hard  and  compact,  they  con- 
tain caverns,   and  afibrd  a  passage  for  sufaterm* 
nean  currents.    A  laree  cavern  has,  however,  been 
recently  discovered  in  niiea->late  and  common  slate, 
in  the  Isle  ot  Thermia,  one  of  the  Cyclades,  at  the 
height   of  1 UX}  feet  above  the  level  ot  tiie  sea. 
M.  Virlet,  who  \i-ited  the  cavern,  attributt\'i  the 
excavation  to  subterranean  streams  of  water,  as  there 
is  a  considerable  deposition  of  mud  and  bluish  clav  at 
the  bottom  of  it.  —  St'ance  du  20  i^eo.,  183^  de  la 
Societe  Geologique  de  France. 

It  is  admitted  by  M.  Desnoyers,  in  the  report  fioan 
which  this  account  is  extracted,  that  the  enstenoe  of 
such  a  cavmi  in  rocks  of  mica-slate  and  shte,  is  a 
new  &ct  in  geology.  There  are  several  thermal 
springs  in  the  island,  which  indicate  the  action  of 
subterranean  heat  This  agent  may,  perhaps,  ha\  e 
been,  in  some  manner,  the  cause  of  the  formation  o{ 
the  cavern  ;  it  is,  however,  supposed  by  some,  to  have 
been  an  exca\'alion  tbroied  by  mining  operations  at  a 
remote  period. 

•  Tills  conjecture,  stated  in  the  fofiner  editioo  of  thb  Work,  it 
rend*  rt  (i  extremely  probable  bv  the  recent  di:iCovery  **  of  a  subler- 
rant  an  ri\  or,  in  a  mine  called  Blain  y  nant.  near  Mold,  which  parses 
through  »<  vt  ral  largf  caveni-s  and  is  suppoM  d  u^  sut»}»lv  ^^t.^^  ine- 
Well,  at  Holyweii,  which  is  twelve  uiile»  Uiaiant.'* —  Turns 

^^tptr.  Dee.  is.  1837. 
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Instances  of  rivers  of  considerable  magnitude  sink- 
ing into  the  eartli,  and  emerging  again  at  the  distance 
of  several  miles,  have  been  long  known  in  many 
countries:  it  is  not  the  object  of  the  present  chapter 
to  enumerate  them,  but  to  direct  attention  to  those 
subterranean  fltreamsy'that  have  no  apparent  connec- 
tion with  the  8i]ifiu».  It  cannot  be  doubted,  )k>w« 
ever,  that  the  rivers  which  run  only  for  a  few  miles 
imder  giouad,  and  emerge  without  any  apparent  loss 
of  water,  must  efieet  considerable  changes  in  the 
strata  during  their  subterranean  course.  In  some 
cases  rivers  ure  absorbed  into  caverns,  in  others 
they  merely  sink  into  softer  strata,  as  takes  })lace  witii 
the  river  Rhone,  about  twenty  miles  from  Geneva,  at 
what  is  called  tlie  Perte  du  MJiane,  See  Travels  in 
tlie  Tarentaise,  vol.  ii.  p.  ^2(54. 

The  subject  of  subterranean  currents  has  scarcely 
attracted  the  attention  of  £nglish  geologists,  but  it  is 
beginning  to  excite  inquiry  in  France,  where  the 
practice  of  boring  for  water  is  becoming  general,  and 
nas  brought  to  light  some  interesting  facts.  In  the 
report  of  M.  Desnoj^ers,  befiire  referred  to^  several  of 
these  fiusts  are  described,  but  he  previously  states  the 
observations  of  MM*  Boblet  and  Virlet,  on  the  closed 
valleys  or  gulft  in  central  Morea»  called  Keiiamfrms^ 
•*  into  which  torrents  of  water  amassed  during  rainy 
seasons  are  precipitated,  carrying  with  them  tlie  mud 
with  whicli  they  are  coloured,  the  skeletons  of  animals, 
with  fragments  of  shells  and  })lants  mixed  with  i^nivel, 
wliich  they  introduce  into  subterranean  cavities.  The 
water  again  springs  up  at  a  great  distance  from  the  sea 
pure  and  limpid.  This  circumstance  serves  to  explain 
the  hiliog  of  many  caverns  ;  may  it  not  also  explain 
the  sinuous  passages  filled  with  sand  and  gravely  be- 
tween, strata  which  are  found  at  great  depths  fiom 
the  surface,  in  the  environs  of  Paris?" 

From  the  borings  and  sinking  for  water  in  different 
parts  of  France,  it  it  evident  that  considerable  sub- 
terranean streams  which  are  occasionally  discovered, 
have  somewhere  a  connection  with  the  surface  waters. 

L  L 
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In  a  well  sunk  at  Tours,  in  18^,  in  the  lower  chalky  to 
the  deptli  of  330  feet,  the  water  rose  lapidly  fiir  some 
houriy  bcinsiiig  with  it  much  fine  sand,  fragments  at 
thornSt  andseeds  of  marsh  plants,  with  hmd  andfrcah 
water  shells  unchanged. 

A  remarkable  &ct  recend j  occurred  at  ReudDe,  near 
Bochum,  in  Westphalia.  A  well  was  sunk  to  the 
depth  of  u  luindred  and  forty-three  feet,  when  the 
water  rose  to  near  the  surface,  bringing  with  it 
fish  from  three  to  ibur  inches  in  lenijth.  The  nearc>t 
currents  of  surface  water  are  from  two  to  five  lea<rnes 
distant  from  the  well.  How  small  is  the  proportion 
of  seeds,  shells,  tish,  sand  or  j^ravel,  that  come  to 
the  suitiu^e,  compared  with  those  wlucli  are  arrested 
in  their  progress,  and  finally  fill  up  the  subterranean 
passages  and  cliange  the  direcdon  of  these  under* 
ground  currents  I  What  a  natural  ezplanatkm  does 
this,  offer  of  many  &cts  which  have  embarrasaed  or 
deceived  geologists!  It  may  be  wdl  for  the  reader 
to  refer  to  what  was  stated  in  Chap.  XIII.  respecting 
the  teeth  and  bones  of  small  land  quadrupeds  foand  in 
the  calcareous  slate  of  Stonesfield.  I  there  observed, 
that  it  was  probable  they  had  been  brought  into  their 
present  situation  by  subterranean  currents,  during  the 
tertiary  epocli,  —  and  I  am  inclined  to  believe,  that 
the  traces  of  such  subterranean  currents  would  be  dis- 
covered, could  the  internal  structure  of  the  strata  be 
fully  laid  open. 

The  subject  of  subterranean  currents  becomes  in- 
teresting to  the  geologist  when  connected  with  caverns; 
indeed  caverns  themselves  would  scarcely  deserve  atten- 
tion^ were  it  not  that  they  firequentlpr  contain  skeletons 
or  bones  of  laige  mamniiferous  animals,  belonging  to 
species  that  no  longer  exist  in  Eun^  and  are  sop- 
posed  to  be  extinct  elsewhere.  Many  of  these  carams 
were  closed  when  fiist  discovered*  and  some  oF  them 
have  been  recently  found  to  contain  human  skulls  and 
bones,  mixed  with  the  hones  of  extinct  species  of 
quadrupeds  :  hence,  we  are  led  to  inquire  in  what 
manner  these  bones  were  introduced  into  the  cavenis 
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and  at  what  epocli.  The  bone  caverns  in  Germany 
will  be  first  c&s^ribed,  and  then  some  notice  will  be 
given  of  the  caverns  recently  discovered  in  France^ 
containing  human  skulls  and  bones :  and  lastly,  we 
ahall  notice  some  of  the  bone  caverns  in  England. 

It  has  been  long  known  to  naturalists  and  travellers, 
that  there  are  numerous  caverns  in  the  calcareous 
moimtains  of  Grermany  and  Hungry,  the  floors  of 
which  are  covered  with  clay,  enveloping  a  protligious 
quantity  of  bones  and  teeth  of  carnivorous  animals. 
The  bones  in  these  cavenis  are  nearly  the  same,  over 
an  extent  of  above  one  hundred  leagues.  More  than 
three  fourtlis  belong  to  species  of  bears  that  arc  now 
extinct*  ;  two  thirds  of  the  remaining  })art  belong 
to  an  unknown  species  of  hyena  ^  a  smaller  number 
belong  to  a  species  of  lion  or  t^r»  or  of  the  wolf  or 
dog  ;  a  very  few  belong  to  small  carnivorous  animals, 
allied  to  the  fox  and  polecat  The  bones  are  nearly 
in  the  same  state  in  all  these  caverns :  they  are  found 
acattered  and  detached,  partly  broken,  but  never 
rounded  by  attrition,  and  consequently  not  brought 
from  a  distance  by  water.  They  are  rath«r  lighter 
and  more  fragile  than  recent  bones,  but  still  preserve 
their  true  animal  matter,  contiiniiig  much  gelatine, 
and  are  not  in  the  least  petrified.  The  bones  are  all 
enveloped  in  earth  which  is  })enctrate(l  with  animal 
matter :  except  a  few  bones  on  the  surface,  of  a 
different  kind,  which  have  bceTi  brougiit  there  at  a 
later  period,  and  are  less  decomposed. 

The  most  remarkable  of  these  caverns  are  those  of 
Gaylenreuth,  on  the  left  bank  of  the  river  Wiesent, 
in  Bavaria:  th^  vary  in  height  irom  ten  to  forty 
feet,  and  are  connected  by  narrow  low  passages.  The 
ammal  earth  interminglefl  with  hemes,  is  in  many 
places  more  than  ten  fi^  deep ;  and  according  to  the 
account  of  a  German  writer,  M*  Esper,  would  (ill 

•  Tlie  most  coninion  specirs  of  bear  in  these  cavenis,  tlio  Ursns 
Spi'laciis,  \v.i8  the  size  of  a  liuise.  The  fossil  hyena  was  one  third 
lurger  than  any  known  living  species. 
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many  hundred  waiiirdns.  The  cavem  at  Adlesherg; 
in  Camiola,  betore  noticed,  is  much  iargei  than  any 
of  the  bone  caverns  in  GemMmy :  the  scries  of  cmm 
which  are  connected,  are  of  vimble  dbneammt,  ni 
are  stated  to  extend  niore  tian  three  leagues  in  a 
right  Hne,  at  which  distance  there  is  a  lake  that  pie- 
vents  further  access.  The  floors  of  these  Gavems  are 
covered  with  indurated  day,  enveloping  the  boiiei  ef 
hears,  and  other  camiwmKis  animals,  shnilar  to  those 
in  the  caverns  of  Gernuiny  and  Hungary.  In  one 
part  of  this  cavem,  or  series  of  caverns,  the  entire 
skeleton  of  a  young  bear  was  discovered,  en\ t  lopeJ 
in  clay  or  mud,  between  blocks  of  limt stone  wiiich 
lav  on  one  side  ot  the  cave.  Bones  are  fcumd  al  m  lt 
tlie  cavern,  for  several  miles  from  the  entnnice,  i 
onlv  bnrietl  in  mud,  whicli  forms  the  Hoor,  hut  amonii 
heaps  composed  of  blocks  of  hmestooe  and  yeUow 
mud  or  clay.  The  entrance  to  this  cavem  is  fntinrtfd 
near  the  great  road  from  Trieste  to  Laybach. 

In  many  of  the  caverns  in  the  south  of  Fiance  and 
also  in  Belgium,  bones  are  found  in  the  mud  and 
gravd  whidi  form  the  floor,  hut  which  is  sometimes 
coated  with  stalagmite.  The  intermixture  of  hnmai 
bones  and  rude  works  of  art,  with  the  bones  at  extinct 
species  of  mammiferous  quadrupeds  in  some  of  these 
caverns,  has  exciteii  much  attention.  In  some  instances, 
the  human  bones  appear  to  be  reduced  to  what  (la^ 
been  called  the  same  tb»il  state,  as  that  of  the  anunal 
bones  with  which  they  are  intermixed.  Much  more 
imj)ortance  has  been  attached  to  this  circuin^t an  r 
than  I  think  it  deserves  ;  for,  in  the  first  place,  lew  k 
any  bones  of  manuniferous  land  quadrupeds  found  in 
caverns,  or  in  diluvial  soil,  can  be  fvoperl^  said  to  be 
fossilised,  as  they  retain  apart  of  their  origmal  matter ; 
and,  secondly,  the  expenments  of  Dr.  Jenner,  stated 
in  ]).  29,  prove,  that  when  recent  bones  are  immersed 
in  mud  containing  pyrites  or  sdutions  of  iron,  they 
become  more  or  less  fossilised  in  a  fow  months.  The 
caverns  in  the  south  of  France,  according  to  M.  I>es> 
noyers,  were  some  of  them  partly  filled  with  bones 
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of  quadrupeds  before  liuman  bones  were  introduced 
into  them ;  others  appear  to  have  been  empty.  He 
observes,  how  oflen  may  these  caverns  have  served  as 
burial-places  to  the  ancient  inhabitants,  or»  at  a  more 
recent  pjeriod,  as  places  of  retreat  during  religious 
persecutions,  from  the  persecutioDsof  the  Druids  to 
those  of  the  Huguenots.  The  historian  Flonis  (he 
adds)  expressly  informs  us,  that  the  inhabitants  of 
Aquitaine,  an  artful  people,  retired  into  caverns,  and 
that  C.'asar  gave  orders  to  have  them  closed  in  their 
retreats,  and  left  to  perish.  "  Acjuitxmi,  callidum 
genus,  in  speluncas  se  recipiebant,  jussit  iucludi." — 
Flor,  hb.  iii.  cap.  10. 

Add  to  tliiij,  from  the  known  habits  of  several  races 
of  the  ancient  Celts  to  live  in  caverns,  of  which  many 
proo&  are  preserved  in  the  provinces  bordering  the 
Loire  and  the  Rhone,  it  may  be  readily  believed  that 
the  human  bones  with  pottery,  in  the  caverns  of  part 
of  ancient  Aquitaine  and  the  Narbonnaise^  belonged 
to  some  of  the  wretched  Gauls,  whom  Caesar  caiued 
to  perish  in  these  caverns. 

Where»  says  M.  Desnoyers,  the  mixture  of  human 
bones  and  those  of  quadrupeds  is  more  complete, 
currents  of  water  might  have  effected  a  movement 
and  intermixture  (remaniement)  of  a  more  recent  date. 
The  hatchets  of  flint  and  other  rude  instruments  found 
in  these  caves,  are  such  as  are  found  also  in  tlie  tu- 
muli of  the  ancient  Celts,  and  were  in  use  in  tlie  time 
of  Cffisar. 

M.  Desnoyers  thinks  the  most  ancient  of  tliese 
bones  are  Gaulic  or  Celtic :  others  belong  to  a  more 
recent  epoch.  He  examined  the  rich  collection  of 
Celtic  coins  in  the  Bibliotheque  Royale ;  on  many  of 
them  he  observed  figures  of  animals,  such  as  the  boar, 
the  horse,  Uie  wild  ox,  and  the  stag ;  and  more  rarely 
83^bolic  or  monstrous  animals,  but  no  figures  of  the 
rhinoceros,  or  of  any  ' extinct  races,  which,  had  they 
been  co- existent  witli  man,  tiiere  might  have  been 
reason  to  expect. 

M.  Touriuiiy  who  first  discovered  human  bones  in 
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the  cavern  at  Bize,  maintains  a  contrary  opinion,  and 
he  applies  the  same  conchisions  to  the  bones  of  mam- 
miferoLis  animals  in  other  caverns.  Tiie  cavenis  of 
Bize  (Aude)  contain  bones  of  the  stag,  the  camel, 
the  roebuck,  the  antelope,  and  bear ;  those  of  Som- 
miires  TGard)  contain  bones  of  the  rhinoceros,  the 
ox,  the  norse,  the  stag,  and  the  hyena*  M.  Touinil 
concludes  from  the  state  of  the  lx>nes,  that  thej  are 
antediluvian,  and  that  before  the  last  fpeneral  cata^ 
strophe  (caiacfysme)  southern  Gaul  was  inhabited  fay 
man,  togetiher  with  a  great  number  of  species  of  nam- 
miferous  animab  now  extinct 

The  cavern  of  Rancogne,  situated  three  leagues 
from  Angouleme,  is  one  of  the  largest  in  France,  and 
hiis  long  been  celebrated  for  its  quantity  of  stalactites ; 
but  under  the  stiilaginite  and  alluvial  soil  on  the  floor 
of  the  cavern,  a  great  quantity  of  human  and  quadru- 
pedal bones  have  been  found,  mixed  with  fragnunts 
of  pottery  and  with  pebbles  from  the  adjoining  rocks. 
A  brook  still  traverses  this  grotto.  The  river  Tardo- 
nere,  which  runs  at  a  little  distance,  loses  a  part  of  its 
waters  in  other  gulfs  in  the  country  ^  it  otten  over- 
flows, and  has  penetrated  into  the  cavern  of  Kanoogne. 
The  traditions  of  the  country  preserve  the  remem- 
brance of  the  cavern  having  served  the  inhabitants  as 
a  t^e  of  refuge  at  different  periods ;  and  that  wolm, 
which  abound  in  the  forest  of  Braconne,  commonly 
retire  into  it>  and  carry  with  them  their  prey,  and 
human  bodies,  which  they  exhume  firom  the  neigh- 
bouring cemetery. 

This  mode  of  filling  the  cavern  (observes  M.  Des- 
noycrs)  differs  much  indcctl  from  the  antcdihivian 
theory  of  M,  Tournal.  Some  grottoes  contain  luunan 
bones  in  the  upper  alluvial  soil,  o\  er  a  bed  of  stalag- 
mite, under  whicii  there  is  a  lower  bed  with  bones  of 
quadrupeds.  * 

The  cavern  of  Miallet,  near  Andure  (department  of 
Gard),  is  situated  near  tlie  banks  of  tlie  river  Gai'don. 
It  occurs  in  magnesian  hmestone,  about  100  feet  above 
the  valley ;  the  lower  bed  or  floor  cf  the  grotto  is  a 
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sandv  ma<niesian  limestone,  covered  with  a  tliin  bed 
of  stalagmite,  and  also  in  several  parts,  with  a  bed  of 
argillaceous  mud,  about  five  feet  in  tiuckneas.  In  this 
bed  the  heads  and  bones  of  bears  vere  finind  in  great 
abundance  and  in  a  high  state  of  preaeraitiov  :  they 
were  huger  than  the  common  cavern-bear  {IJrwiut 
spekBus).  A  few  fn^gments  of  bones  of  the  hyenap  of 
ruminating  animals,  and  of  birds  were  also  found  widi 
tfiem.  Under  the  stalagmite  and  a  thin  stratum  of 
sandy  mud,  a  great  number  of  human  bones  were 
discovered  in  different  parts  of  the  cavern.  Towards 
tlie  further  end  of  the  cavern,  the  human  bones  are 
incontestably  mixed  with  the  bones  of  bears,  which 
predominate  in  that  part :  but  near  the  entrance, 
human  bones  predominate,  and  appear  somewliat 
more  recent.  Upon  the  ossiferous  or  bone  mud,  and 
under  a  projection  of  the  rockt  a  human  skeleton  was 
discovered  almost  entire,  near  which  was  a  lamp  and. 
a  small  figure  in  baked  clay,  and  at  a  little  distance  were 
copper  bracelets.  In  other  parts  <^  the  cave  were 
found  fiagments  of  rude  pottery,  and  instruments  of 
flint,  the  workmanship  of  a  preceding  age.  The  bu- 
man  heads  are  stated  to  present  indiottions  of  bdong- 
ing  to  the  Caucasian  race,  but  they  have  a  depression 
of  the  skull,  which  M.  Tessier  supposes  to  have  been 
produced  artificially. 

M.  Tessier  distinguishes  three  periods  during  which 
this  grotto  was  filled  :  1st,  An  antediluvian  epocli  — . 
tliat  of  the  bears,  which  belong  to  an  extinct  species ; 
these  he  supposes  may  have  lived  in  the  cavern  during 
successive  generations,  or  may  have  been  driven  there 
by  some  great  convulsion,  id.  An  epoch  of  incipient 
Givilisatkm,  tliat  of  the  ancient  Celts,  whose  bones 
are  intermixed  with  rude  implements  of  industnr. 
ad,  A  Roman  epoch,  indicated  by  more  perfect  works 
of  art  • 

With  respect  to  the  mixture  of  human  hones  with 
those  of  bears,  it  does  not  ])rove  that  the  latter  were 
contemporaneous  witii  man,  because  it  is  obv  ious  tliat 
they  could  not  have  lived  together  in  the  same  cavern. 
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The  mixture  may  have  been  effected  by  the  action  of 
water,  or  by  artificial  excavations  in  the  original  bone 
bed  tor  sepulchral  purposes. 

In  a  subsequent  examination  of  this  cavem,  M. 
Tessicr  discovered,  that  in  those  parts  where  the  bones 
of  bears  and  men  were  mucli  intermixed,  bones  of 
bears  incmsted  with  mud  were  attached  to  the  roof 
of  the  cavern.  This  proves  that  the  cavern  had  been 
filled  with  bone  mud  (^Utnon  d  osscmens)  by  the  violent 
action  of  water,  otherwise  the  bones  bears  that 
inhabited  the  cavern,  would  all  have  been  found  at 
the  bottom*  It  b  most  probable  that  the  cavem  was 
originally  inhabited  by  bws,  and  afterwards  inundated 
by  mud  and  water ;  that,  at  a  later  epoch,  it  became 
the  residence  or  sepulchre  of  a  rude  people,  but  was 
subjected  to  a  second  inundation,  wliich  drifted  the 
bones  of  bears  and  men  into  the  distant  low  passages. 
At  a  still  later  period,  the  cavem  had  been  occasion- 
ally used  for  a  sepulchre  by  tlie  Romans,  as  a  skeleton, 
with  a  lamp  and  bracelets,  were  discovered  on  the 
surface  of  the  floor.  M.  Tessier  says,  that  the  river 
Gardon,  before  it  had  excavated  its  present  deep  bed, 
might  liave  occasionally  caused  great  inundations, 
which  filled  the  cavem  with  water.  Whatever  theory 
may  be  adopted  respecting  the  former  inhabitants  of 
the  cavem  of  Mialiet,  the  bones  attached  to  the  roof 
prove  the  agency  of  water,  and  sufhciently  explain  the 
cause,  by  which  the  remains  of  bears  and  men  may 
have  been  intermixed. 

Ferhqis  it  may  yet  be  regarded  as  uncertain, 
whether  these  human  bones  were  or  were  not  coeval 
with  lliose  of  the  cavern  bear,  the  rhinoceros,  and 
other  animals ;  for  we  have  no  decided  evidence  when 
these  animals  became  entirely  extinct.  I  am  inclined 
to  believe,  that  the  mastodon  of  North  America 
existed  there  much  later  than  is  generally  admitted ; 
the  reason  for  this  opinion  will  be  given  in  the  follow- 
ing chapter.  Secondly,  We  cannot  assign  a  reason  why 
man  might  not  have  existed  in  some  period  ot  the 
tertiary  epoch,  except  tliat  his  bones  are  nowhere  dis- 
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covered  in  the  regular  tertiary  strata.  The  country 
that  could  give  support  to  the  mammoth,  or  ancient 
elephant,  to  the  mastodon,  the  elk,  might,  for 
au^ht  we  know  to  the  contrary,  be  also  suited  for  the 
residence  of  man. 

It  is  very  different  with  respect  to  the  secondary 
strata,  for  though  many  of  these  strata  have  once 
been  dry  land,  or  in  the  vicinify  of  dry  land,  yet  we 
nowhere  find  in  them  the  bones  of  herbivorous  mam- 
malian quadrupeds,  that  could  have  been  with  man 
joint  tenants  of  the  globe  ;  nor  even  do  we  find  bones 
of  carnivorous  quadrupeds,  that  might  liave  preyed 
upon  the  former,  had  they  existed. 

During  tlie  tertiary  epoch  however,  there  is  evi- 
dence of  great  revolutions  of  the  surface,  by  the 
elevation  of  niountnin  ranges,  which  might,  perhaps, 
render  the  earth  uutit  tor  Uie  continued  existence  of 
the  human  species,  and  I  am  inclined  to  believe,  that 
the  occurrence  of  human  bones  in  caverns  or  in  dilu- 
vial beds  of  gravel,  sand,  or  mud,  has  not  yet  invalii- 
dated  the  position,  that  the  creation  of  man  was  pos- 
terior to  the  tertiary  epoch. 

We  come  now  to  tiie  English  caverns :  they  have 
been  more  recently  the  object  d  attention  than  the 
bone  caverns  of  Germany  :  their  discovery  may  be 
said  to  have  given  a  new  impulse  to  geology,  botii  in 
this  country  and  on  the  Continent,  lor  which  we  are 
chiefly  indebted  to  tiie  enl lightened  and  indefatigable 
extM  tions  of  Professor  Buckland,  of  Oxford. 

Single  skeletons  of  large  quadrupeds  have  lormerly 
been  discovered  in  caverns  in  this  country  ;  but  we 
bad  no  authentic  account  of  the  bones  of  carnivorous 
animals  having  been  found  in  any  English  caves, 
previously  to  the  year  1S'21,  when  some  labourers, 
working  in  a  quarry  at  Kirkdale,  near  Kirby  Moor- 
side,  in  Yorkshire,  discovered  an  opting  covered 
over  with  rubbish  and  earth,  about  100  feet  above  the 
neighbouring  brodc.  This  was  the  mouth  of  a  low 
cavern,  extending  about  200  feet  into  the  rock.  The 
Hoor  of  the  cavern  was  covered  with  broken  bones. 
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and  teeth  of  various  animals,  en  cased  in  a  stratum  of 
mud  about  a  foot  thick.  Fortunately  this  cavern  was 
examined  soon  after  its  discovery  by  Professor  Buck- 
land,  of  Oxford,  who  has  pubUshed  a  very  Juminous 
account  of  its  strucUue  and  contents,  elucidated  by 
relerences  to  the  most  remarkable  caverns  in  other 
countries  which  he  has  visited,  containing  the  bones 
of  carnivorous  aDimals.  The  bones  in  the  Kirkdaie 
Cave  are  broken  and  gnawed,  and  some  cf  them  pre- 
serve the  marks  of  the  teeth  which  have  fractured 
them.  Even  the  excrements  of  animals,  similar  ia 
those  of  the  hyena»  have  been  discovered  with  them. 
The  bones  in  this  cave  diflfer  much  fiom  those  in  the 
caves  of  Germany,  as  a  great  numbor  of  diem  bAmg 
to  herbivorous  animais»  and  the  camivoroua  aaiassis 
whose  remains  are  most  abundant  are  hyenas. 

.Vmont:^  these  remains.  Professor  Buckland  has 
ascertained  bones  of  the  fbllowinjf  orders  :— 

Carnimroiis  Quadrupeds, — The  hyena,  tiger,  bear, 
wolf,  fox,  and  weasel. 

Pach/derinatd,  —  The  elephant,  rhinoceros,  hippo- 
potamus, and  horse. 

JRodenfiaj  or  Gnawers*^  The  iiare,  i:abbit»  rat, 
water-rat,  and  mouse. 

Ruminant  Animals.  —  The  ox»  and  iQragments  and 
bones  of  three  species  of  deer. 

Birds.' — The  raven,  pigeon,  lark,  snipe^  and  a 
small  species  of  duck. 

From  the  great  number  of  bones  of  the  hyena 
found  in  this  cave.  Professor  Buckhnd  infers  that  it 
had  long  been  the  habitation  of  these  animals.  It  is 
their  ascertained  habit,  partly  to  devour  the  booes  ef 
thdr  prey  ;  the^  also  devour  die  dead  bodies  of  tiieir 
own  species ;  like  wolves  they  are  gregarious,  and 
hunt  in  ])acks.  From  the  habits  of  the  hyena,  he 
explains  the  occurrence  of  the  remains  of  large 
herbivorons  quadrupeds,  like  the  elephant,  in  so  low 
a  aive  as  that  of  Kirkdaie ;  they  have  been  dragged 
into  it  by  these  voracious  animals.  Several  EnjjHsh 
caverns  have  since  been  explored.    In  some  of  them 
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there  are  bones  both  of  herbivorous  and  carnivorous 
animals,  similar  to  those  in  the  Kirkdale  Cave.  These 
caves  are  described  in  Professor  Buckland's  valuable 
irork,  entitled  ReUquke  DiluvianiP.^ 

That  the  caverns  in  which  the  bones  of  camivcmus 
animals  are  found  in  sudi  prodigious  quantities^  were 
the  retreats  of  some  these  animals,  cannot  be 
doubted.  Many  circumstances,  described  in  the 
account  of  the  Kirkdale  Cave,  can  only  be  ex])lained 
by  admitting  it.  There  are,  however,  other  circum- 
stances, particularly  in  the  caves  of  Germany,  which* 
would  imply,  that  part  of  the  bones  belong  to  animals 
that  had  fallen  through  fissures,  which  formerly 
opened  into  these  caverns,  or  that  the  bones  them- 
selves bid  been  carried  by  currents  of  water,  through 
subterranean  passages  into  these  caverns^  as  before 
explained  in  the  present  chapter*  In  the  cave  at  Gay- 
lenreuth  there  are  rounded  fragments  of  limestone^ 
intermixed  with  the  bones»  and  the  entrance  of  some 
of  the  caverns  is  much  too  matt  to  have  a^itted  the 
animals  whose  bones  are  found  in  them.  It  is  also 
probable,  that  a  violent  convulsion  of  nature,  as  a 
rising  deluge  and  the  fierce  war  of  elements  without, 
might  have  driven,  under  the  strong  impulse  of 
alarm,  numerous  animals  of  different  species  into 
the  same  caverns,  where  they  devoured  each  otlier, 
and  their  bones  have  been  intermixed  with  those  of 
the  tbrmor  iiiiiabitants.  The  entrances  of  many  of 
the  caverns,  and  the  caverns  themselves,  were  doubt- 

^  TheeaTenw  near  Baawell,  in  Someiwtdiif^  contain  the  moat 

numerous  collection  of  mammalian  bones  thai  have  reooitly  been 

discovered  in  England.  The  bones  amounted  to  several  waggon 
loads,  and  are  principally  those  of  Ik  i  bivorous  animals.  Tlioy  were 
int(  rniixed  with  mud  and  black  eartli,  a  decomposed  animal  matter 
and  :^)d  from  the  Severn  sea,  which  tiows  about  six  miles  from 
BanweU.  The  only  aperture  at  flfst  known  was  a  very  narrow 
finnie.  A  Uteial  aperture  has  since  been  discovered,  sidSlcieDtly 
iuege  to  have  admitted  bodies  of  bears,  wolves,  and  oxen.  About 
three  miles  from  Banwell,  in  the  fissures  of  mountain  limestone, 
the  bones  of  elephanti^  and  enormous  bears,  with  those  of  tigers, 
oxen,  and  stags,  have  beep  found. 
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less  formerly  more  lofly  tlian  at  present ;  they  have 
been  gradually  lowered  by  the  subsidenee  of  the 
ii]>])er  strata.  Indeed,  it  is  admitted  that  the  cavenis 
and  grottoes  in  the  neiglibourhood  of  Adelsberg, 
have  occasioned  numerous  de])ressions  of  the  surface. 
Such  an  eiiect  must  generally  take  place,  in  a  greater 
or  loss  degree*  with  the  strata  over  caverns. 

The  occurrence  of  the  bones  of  quadrupeds  in  tlie 
clefts  or  fissures  of  rocks,  intermixed  with  fra^ents 
of  the  rock,  and  cemented  with  them  into  a  kind  of 
breccia,  is  very  common  in  many  of  the  calcareous 
rocks  adjoining  the  Mediterranean  Sea.  The  osseous 
breccia  of  Gibraltar  is  well  known :  the  calcareous 
matter  which  has  been  infiltrated  into  the  Assures, 
and  fonns  the  cement,  has  generally  a  reddish  colour, 
and  contains  so  nuich  phosphoric  acid,  from  thede- 
coiii})()sition  of  animal  matter,  as  to  become  luminous 
in  the  dark  when  scraped.  The  bones  in  the  fissures 
surrounding  the  Mediterranean,  belong  chiefly  to 
herbivorous  quadrupeds,  but  they  are  sometimes 
intermixed  with  marine  shells,  indicating  a  great 
change  in  the  le\  el  of  the  rocks,  subsequent  to  the 
filling  of  the  fissures. 

Osseous  breccia,  similar  to  that  in  Europe,  has 
been  recently  discovered  by  Major  Mitchel,  in  the 
rocks  bordering  Wellington  Valley,  in  New  HolJaad. 
The  breccia  contains  bones  and  fragments  of  rock* 
with  the  same  red  calcareous  cement  as  the  osseous 
breccia  of  Gibraltar,  &&  According  to  tlie  exami* 
nation  of  Cuvier  and  Mr.  Pentland,  some  of  die  bon^ 
belong  to  difierent  species  of  the  kangaroo,  and  ani- 
mals ot  the  same  genera  that  exist  in  New  HoUanA 
but  others  belong  to  species  hitherto  unknown  to 
naturalists.  Among  these  bones  there  are  the  rcnfiains 
of  a  species  of  elephant:  a  fact  extremely  interesting* 
as  it  proves  that,  in  the  ancient  condition  of  the 
globe,  this  part  of  its  surface  supported  animals  more 
analogous  to  those  of  Asia  and  Africa,  than  any  whic^' 
existed  upon  it,  when  first  discovered  by  lunopeans. 
In  the  report  to  the  Geological  Society  of  Frauce* 
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1831,  it  is  observed  —  **  Thus  we  have  in  New  Hol- 
land, a  deposition  of  osseous  breccia  similar  to  those 
of  Europe,  Were  these  depositions  rofempordrij? 
This  is  not  very  probable ;  the  analocfv  has  consisted 
in  the  mode  ot  formation ;  different  catastrophes,  at 
different  epochs,  may  have  destroyed  the  great  animals 
of  the  Ohio,  of  the  Irrawadi,  of  the  north  and  central 
parts  of  Europe*  and  of  Australia,  and  buried  their 
txmes  in  fissures  and  caverns,  or  in  beds  of  clay  and 
^vel.  But  whatever  was  the  epoch  of  the  deposi- 
tion in  New  Holland,  the  organisation  of  animal  life 
was  then,  in  a  great  part,  the  same  as  at  present ; 
since  we  find  in  the  osseous  breccia,  the  types  of  tliat 
class  of  animals  that  are  still  peculiar  to  the  country, 
but  always  accom])anied  by  bones  of  geneia  (the 
mastodon  and  elephant)  which  are  altogether  un- 
known there.** 


The  depositions  of  calcareous  earth  pendant  from 
the  roofs  of  caverns,  called  sffdactites,  and  those  upon 
the  floors  of  caverns,  called  stalagmites^  are  formed  • 
by  the  evaporation  of  water,  holding  calcareous 
earth  in  solution.  A  drop  of  water,  in  evaporating, 
deposits  a  pellicle  of  limestone,  which  is  increased  by 
succeeding  depositions,  imtil  a  small  protuberance  of 
solid  limestone  is  formed,  nearly  the  shape  of  a  drop 
of  water.  This  protuberance  becomes  enlarged  by 
water  trickling  over  it,  and  takes  the  shape  of  an 
icicle.  The  water  that  drops  upon  the  floors  of 
caverns,  sometimes  deposits  a  thick  coat  of  limestone 
over  the  whole  floor ;  but  in  those  })arts  where  the 
drops  fall  most  frequently,  a  more  co])ious  deposition 
of  calcareous  earth  takes  place,  in  the  form  of  tuber- 
cles :  these  are  the  stalagmites.  In  some  instances 
the  stalactites  and  stalagmites  increase^  until  they 
nearly  fill  the  whole  cavern. 
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CHAP.  XXII. 

ON  THE  DESTRUCTION  OF  MOUNTAINS,  AND  THE 
lOUMATION  OF  SOILS;  AND  ON  ALLUV^IAL  AND 
DILUVIAL  DEPOSITIONS. 

Erroneous  Opinions  respecting  the  Growth  of  Stones,  supported 
by  die  Authority  of  John  Locke.  —  On  the  Cauaes  in  present 
Operation  that  wear  down  Rocks. — AIln?ial  and  Dilnrial  Depon- 

tions.  —  Ri4>id  Destruction  of  Mountains  dependent  on  their 
structure.  —  Fall  of  Mont  Grenier  in  Savoy  ;  ami  of  other 
Mountains  in  the  Alps. — AlpiiK- Inundations  from  the  Breaking 
down  of  tlie  icy  Barriers  of  Mountain  Lakes. — Action  of  the 
Sea  upon  CHIBt, —  Dettraeliott  of  Cliflh  by  Land  Springs  in 
Norfolk,  and  near  Boulogne,  in  France.  —  IncrCMC  of  Land  by 
Marine  and  Alluvial  Depositions.  —  Filling  up  Lakes,  and 
Formations  of  Deltas  at  the  Mouths  of  large  Kivors. —  On  the 
Formation  of  productive  Soils.  —  Recent  Strata  formed  in  Lakes. 
—  Peat  and  Peat  Moors.  —  Inundations  of  Sand.  —  Remains  of 
Elephants  and  other  laige  AnimalSi  fonnd  in  the  Diluvial  Beds  in 
England,  and  the  froaen  Regions  of  Ennpe  and  Asia. 

Few  persons  can  have  travelled  a  hundred  miles 
through  any  country,  without  liaving  seen  bedi»  of 
gravel,  or  of  rounded  stones,  or  tVaij^nents  of  rock 
scattered  in  different  diiectioTis,  which  were  evidently 
never  brought  into  their  present  situation  by  the 
labour  of  mao.  In  some  inst;uices  these  numesof 
loose  stones,  or  large  fiagmeiits  of  rock,  occur  on  the 
summits  of  biUa»  or  on  elevated  groundt  and  the 
stones  are  altogether  unlike  any  rocks  or  strata  ui 
adjacent  districts.  Among  the  numerous  tia- 
vellers  to  whom  auch  objects  are  fiuniliar»  it  is  sur* 
prising  how  few  have  ever  raised  the  inquiry-^*'  Ham 
did  theue  manes  of  rocky  or  beds  of  hose  stonesy  come 
here  t  **  One  great  reason  for  this  indifference  arises 
from  a  cause  that  may  surprise  geologists.  Many 
well-educated  persons,  who  possess  much  intbrmation 
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on  various  subjects,  still  entertain  tlie  belief  that 
stones  grow  in  the  places  where  they  are  now  found  : 
this  belief  excludes  the  necessity  for  further  inquiry. 
They  can  also  refer  to  the  authority  of  the  ablest 
philosopher  this  country  ever  possessed,  for  a  confir- 
matum  of  their  opinion,  should  it  be  controverted. 

The  celebrated  John  Locke  states,  in  his  £le» 
ments  of  Natural  Philoaophy,"  that  "  all  stones^ 
meialSf  end  nuneraU,  are  real  vegetables ;  Aat  is, 
grew  crganieally  Jhm  proper  $eed$,  at  well  as 
planish 

If  any  one  should  think  it  supei'fluous  to  notice 
this  extraordinary  passage,  in  the  present  age  of 
general  information,  let  him  inquire  among  his 
friends  wJi ether  stones  grow  ?  and  he  will  be  some- 
what suq^rised  by  the  answers  he  may  receive. 

These  scattered  fragments  of  rock,  or  beds  of  loose 
stones,  together  with  beds  of  sand  and  gravel,  present 
objects  of  inquiry  of  the  most  interesting  kind.  From 
what  districts  were  they  transported  f  JVkat  were 
the  causes  by  which  they  were  removed  f  WJiat  was 
the  epoch  of  their  removal  f  A  farther  inquiry  also 
presents  itself^  as  some  of  the  beds  of  loose  stone  are 
rounded,  or  water-worn,  like  the  shingles  on  the  sear 
beach,  but  are  now  raised  many  hunored  feet  above 
fhe  high-water  mark.  By  what  agents  were  these 
beds  raised  to  their  present  elevation  ? 

Satisfactory  solutions  to  all  these  inquiries  will 
probably  long  remain  desiderata  in  geology,  though, 
in  some  instances,  we  can  arrive  at  a  high  degree  of 
probability,  by  referring  to  causes  in  present  opera- 
tion. These  scattered  fragments  or  masses  of  rock, 
with  beds  of  loose  stones  and  gravel,  or  of  8u])eriicial 
sand  or  day,  are  comprised  by  French  geologists 
under  the  appropriate  name  of  terreins  de  transport^ 
a  name,  however,  which  cannot  well  be  introduced 
into  our  langui^  We  shall,  therefore,  divide  them 
into  three  groups,  adopting  the  names  generally 
received.  Scattered  blocks  of  rock ;  diluvialbeds,  or 
diluvium  ;  and  alluvial  beds,  or  alluvium ;  using  the 
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two  latter  without  any  reference  to  theor}%  Alluvial 
beds,  consist  of  the  sand,  soil,  or  stones  brought  Jomti 
by  rivers,  and  deposited  in  their  beds,  or  scattered 
upon  their  banks,  or  cai'ried  into  the  sea  or  into 
lakes,  forming  deltas  at  the  mouths  of  rivers.  Dilu- 
vium^  or  diluvial  beds,  comprise  beds  of  gravel,  or  of 
Stones  more  or  less  rounded,  that  are  found  in  inland 
districts,  and  also  lai^ge  and  detached  blocks  o£  rock, 
which  are  now  generally  called  erratic  blocks.  Th^ 
are  dassed  as  culuvial  beds»  on  the  sappofiidoo  that 
they  were  transported  during  some  great  convulsioiiy 
by  deluges  or  inundations,  more  poweiful  than  any 
which  are  in  constant  operation. 

In  order  to  form  a  more  distinct  idea  of  tlie  causes 
which  have  transported  the  beds  anil  ti-agments  of 
stone  into  their  present  situation,  we  shall  first  con- 
sider the  causes  that  are  daily  wearing  down  the 
loftiest  mountains  and  clitJs,  or  undermining  the  solid 
ground  on  the  sea  shore.  The  disintegration  of  rocks 
and  mountains  is  constantly  taking  place,  by  the  in- 
cessant operation  of  atmospheric  causes.  The  iuhl- 
trati<m  of  water  into  the  iissures  of  rocks,  and  its 
expansion  by  frost,  oflen  produces  sudden  &Us  of 
immense  masses  of  rock.  The  slow  operation  of 
descending  currents  excavates  the  soft  beds  in  the 
lower  parts  of  mountains ;  and  the  upper  rocks>  being 
undermined,  fidl,  with  a  tremendous  crash,  into  the 
vales  below.  Instances  of  this  kind  have  occurred  in 
our  own  times.  By  both  these  causes,  the  process  of 
disintegration  is  rapidly  going  on  in  the  Alps ;  but 
such  is  the  immensity  of  these  enormous  mountain 
ranges,  that  ages  pass  away,  before  any  diminutiou  of 
their  bulk  is  perceived. 

In  Alpine  districts  of  great  elevation,  there  is  also 
another  cause,  more  exposed  to  observation,  which  is 
ever  in  action  during  the  summer  months.  The  snow 
upon  the  mountains  below  the  line  of  etenud  congela- 
tion, when  it  begins  to  dissolve,  fonns  numerous  rivu- 
lets, that  unite  into  laige  streams,  and  descend  in 
cataracts  with  impetuous  force,  excavating  de^ 
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ravines  in  the  lower  rocks.  To  use  die  words  of 
Professor  Playfair,  they  are  "Nature's  saws,  inces- 
santly at  work,  cutting  down  the  mountains." 

The  vignette  in  the  second  part  of  this  volume  re- 
presents tfie  upper  part  of  the  valley  of  Sixt,  in  Savoy, 
m  which  the  water,  descending  from  the  Alpine  snow 
on  the  Buet  and  other  mountains,  is  seen  rushing  in 
numerous  cascades  to  tlic  lower  \  alley.  But  tlie  most 
powerful  effects  of  these  cataracts  may  be  observed 
during  thunder  storms,  or  after  an  unusually  ni])id 
thaw,  when  the  upper  rivulets  overflow  their  accus- 
tomed boundaries,  and  carry  with  them  the  loose 
stones  or  masses  of  rock  they  meet  in  tlieir  descent, 
and  dash  them  with  inconceivable  violence  into  tlie 
lower  waterfalls,  breaking  down  the  solid  rocks  on 
each  side,  and  deepening  and  enlarging  the  ravines 
into  which  they  fall.  The  operation  of  this  cause 
will  be  again  rdferred  to  in  the  following  chapter. 

We  need  not  indeed  travel  to  the  Alps  to  prove, 
that  the  mountains  have  been,  and  are  still  wearing 
down.  The  rocky  fragments  in  Bonowdale ;  the  deep 
ravines  made  by  torrents  in  the  sides  of  Skiddaw ; 
the  immense  blocks  of  granite,  called  Shap  Granite, 
torn  from  Wastdale  Crag,  in  Westmoreland,  and  scat- 
tered over  the  adjacent  counties,  offer  striking  proofs 
of  this.  Masses  of  the  rocks  of  Cumberland  and 
Wales,  more  or  less  water-worn,  occur  almost  every- 
where, under  the  alluvial  plains  of  Cheshire  and  Lan- 
cashire. The  central  parts  of  England  have  once  had 
a  greater  elevation  than  at  present;  peb]:)]es  formed 
of  the  Chamwood  Forest  rocks,  are  spread  all  over  the 
midland  counties.  Beds  of  flint-giavel,  formed  by 
the  disintegration  of  chalk  rocks^  in  which  flints  were 
imbedded,  occur  in  many  parts  of  England  at  a  great 
distancie  from  tiie  sea,  or  from  the  chalk  districts. 

The  transportation  cf  these  masses  of  rock,  or  beds 
of  stones  and  gravel,  cannot  have  been  effected  by 
any  thing  like  the  jDi  esent  action  of  rivers  in  England, 
and  is  generally  referred  to  the  more  extensive  opera- 
tion of  deluges,  during  great  convulsions  of  the  globe  j 
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but  if  we  return  to  the  Alps,  and  view  the  effects  now 
taking  place,  we  must  admit,  that  it  is  not  always  easy 
to  make  the  distinction  between  alluvial  aud  diluvial 
depositions. 

Innumerable  blocks  of  granite  and  of  other  j)riiiiarv 
rocks,  torn  from  the  central  range  of  the  Alps,  are 
scattered  owv  the  calcareous  mountains  at  a  urc.it 
(hstance  i\  on\  this  range,  or  are  spread  in  heaps  in  many 
of  the  distant  \  alleys.  All  the  great  rivers  that  issue 
from  the  Alps,  where  tlie  valleys  ojjen  into  the  plains 
have  made  deep  sections,  in  beds  composed  of  tlie 
ruins  of  tlie  mountains,  and  exhibit  proofs  of  the  vast 
destruction  tbat  has  t«ikcn  place.  The  river  Doire, 
where  it  enters  the  plains  of  Piedmont,  lias  cut 
through  a  mass  of  fragments  more  tlian  150O  feet  in 
depth ;  these  fragments  consist  of  irregular  blocks  of 
granite,  mica  slate,  and  serpentine,  frequently  more 
Uian  thirty  cubic  yards  in  extent,  covered  by  smaller 
fragments,  and  hy  earthy  matter  from  the  decompo- 
sition  of  the  softer  rocks:  the  fragments  deereaise 
in  si/e,  as  their  distance  increases  from  the  parent 
jnountain. 

WJioever  has  ascended  the  lofty  eminences  im- 
mediately below  tlie  highest  pinnacles  of  the  Alps, 
can  scarcely  fail  to  ha\'e  i  eceived  sensible  proof's,  of 
the  daily  and  homly  disintegration  of  the  mountains. 
Here,  placed  nearly  above  the  region  of  vegetable 
or  aniiual  existence,  and  surrounded  by  the  sublimest 
objects  in  natme,  the  deep  silence  wliich  prevails 
around  is  truly  solemn  and  impressive;  but  it  is 
broken  from  time  to  time,  by  sounds  like  the  rolling 
of  distant  thunder,  or  by  a  nearer  and  louder  cnush» 
which  is  repeated  by  the  echoes  from  rode  to  rock. 
These  sounds  proceed  firom  the  filling  of  avalandies, 
or  from  glaciers  splitting  and  discharging  the  loose 
rocks  upon  their  surfice,  or  from  ebouTements  of 
ruck,  detached  from  the  bare  and  exposed  sides  ol  the 
piimacles  and  aiguilles.  The  fragments  generally  fall 
into  the  elevated  mountain  \'alleys,  and  are  scattered 
over  the  surface  of  the  higher  glaciers^  which  extend. 
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from  thence  into  the  lower  Alpine  valleys.  As  the 
glaciers  in  these  valleys  are  gradually  melting  during 
summer,  the  ice  above,  progressively  moves  downward, 
beanng  with  it  the  cargoes  of  stones  on  its  surface, 
which  it  discharges  in  heaps  at  its  feet  and  sides. 
These  accumulations  of  stones  are  called  morains. 
The  destruction  of  granitic  and  schistose  mountains, 
it  has  been  before  observed,  is  generally  effected  by 
water  penetrating  between  the  fissures,  and  becoming 
suddenly  expanded  by  frost.  The  overthrow  of  cal- 
careous rocks  is  effected  in  a  different  manner ;  and 
the  vast  ^boulements  which  they  occasion,  are  more 
terrific  and  destructive,  than  the  £boulements  from  the 
primary  motmtains,  as  they  generally  take  place  in 
more  thickly  inhabited  districts. 

The  destruction  of  the  calcareous  mountains  in  the 
Alps,  depends  on  the  peculiar  composition  and  struc- 
ture of  tliese  mountains.    In  the  year  1821,  I  passed 
a  great  part  of  the  summer  in  examining  the  calca- 
reous mountains  in  Savoy,  the  structure  of  which 
was  then  not  generally  understood,  or  at  least  Iiad 
not  been  described,  in  any  geological  work  that  I  had 
met  with.    It  was  generally  believed,  tliat  the  calca- 
reous mountains  were  entirely  composed  of  beds  of 
limestone,  with  loily  mural  precipices  on  the  upper 
part ;  and  that  the  lower  parts,  sloping  from  these 
precipices,  were  formed  of  the  debris  of  the  limestone. 
So  ftr  firom  this  being  the  case,  the  calcareous  moun- 
tains of  the  Alps,  which  comprise  all  the  English  foiTn- 
ations,  from  the  niagnesiaii  limestone  to  chalk,  alter- 
nate, like  the  English  formations,  with  enormous  beds 
of  soft  shale  and  sandstone ;  and  it  is  to  this  alterna- 
tion, they  owe  the  frequent  destruction  of  the  upper 
parts  of  the  mountains. 

If  all  our  English  secondary  tbrmations,  were  by 
some  powerful  cause  elevated  six  or  seven  thoiis:uid 
feet  aoove  their  present  level,  and  the  beds  bent  into 
curves,  constituting  several  ranges  of  mountains,  we 
should  have  precisely  what  is  found  in  the  calcareous 
ranges  of  the  Alps.  This  arched  form  of  the  calcareous 
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iiioLintaiiis  is  represented  Plate  I.  fi^.  0.,  and  Tlute  i  i. 
fig.  1.,  and  fig. '2.  ^.  Now,  if  one  thick  bed  of 
limestone,  or  a  portion  of  it,  be  bioken  off,  as  at 
fig.  2,  tiie  action  of  continued  rains  on  tlie  solt  bed 
on  which  it  rests,  will  undermine  it,  until  other  por- 
tions of  the  limestone  will  fall  down ;  and  if  this 
process  take  ])lace  on  botli  sides  of  the  mountain, 
tlie  whole  of  tire  bed  of  iimestODe  will  fall,  except  the 
part  which  rests  flat  upon  the  summit :  in  thb  manner 
the  enormous  caps  of  limestone  have  been  left,  like 
immense  castles,  that  compose  the  summits  <tf  the 
calcareous  mountains,  near  the  lake  Annecj,  and 
in  the  Bauges. — Sometimes  the  mountain  caps,  which 
form  an  extended  range  in  front,  present  the  appear- 
ance of  a  narrow  ridge  when  seen  ni  profile. 

The  mountain  called  the  Denl  d'Alen9on,  near 
the  Luke  ol  Annecy,  offers  a  remarkable  instance  of 
this.  See  Plate  II.  fig.  6.  The  mass  of  limestone  on 
its  summit, —  which  I  found  by  trigonometrical  mea- 
surement to  rise  3840  ieet  above  the  lake,  and  to  be 
nearly  five  hundred  feet  in  thickness,  —  was  undoubt- 
edly  once  a  continuous  bed,  covering  the  mountain 
like  a  mantle,  as  represented  by  the  dotted  lines:  in 
the  course  of  ages,  the  side  a  a  has  ftllen  down,  and 
the  action  of  rain  on  the  soft  bed,  c,  on  the  odier  side, 
is  undermining  the  steep  escarpment  &,  and  preparing 
for  its  further  destruction.  The  soft  bed  cc,  whii£ 
forms  the  talus  or  slope,  being  covered  with  vegeta- 
tion on  the  side  6  c,  is  in  some  parts  protected  mm 
rapid  disintegration.  On  the  opposite  Mde  of  the 
valley,  I  found  that  the  thick  bed  which  formed 
the  talus  or  slope  under  the  limestone,  was  lias  clay. 
1  was  not  able  to  ascend  the  Dent  d*Alen9on,  and 
therefore  did  not  ascertain  whether  the  bed  c  w^as 
soft  sandstone  or  lias.  In  luinierous  instances,  the 
upper  beds  ot  limestone  in  the  mountains  of  Savoy, 
may  be  observed  overlapping  and  overhanging,  as  at 
AO,  Plate  II*  %•  1*,  and  are  thus  prepared  to  fall, 
whenever  the  rain  and  frost  has  widened  the  longi- 
tudinal natural  fissures  in  the  limestone.   In  Plate  11. 
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fig.  Q.y  the  mountain  at  ^,  which  had  tlie  arched 
stratiiication»  has  been  so  broken,  as  to  present  a 
steep  escarpment :  such  instances  arc  very  common 
in  Savoy.  The  present  state  of  Mont  Grenier,  south 
of  Chamberry»  and  the  vast  ruins  in  the  plain  below, 
.  offer  a  striking  illustration  of  the  causes  which  are  in 
operation,  to  disintegrate  the  vast  calcareous  moun- 
tains of  Savoy.  The  following  description,  with  the 
cut,  is  taken  from  the  first  volume  of  my  Travels  :  — 
**  A  part  of  Mont  Grenicr  fell  down  in  the  year 
1248,  and  entirely  buried  five  parishes,  and  the  town 
and  church  of  St.  Andre.  The  ruins  spread  over  an 
extent  of  about  nine  square  miles,  and  are  called  les 
Abymes  de  Myans,  Atler  a  lapse  of  so  many  centu- 
ries, they  still  {)rcsent  a  singular  scene  of  desolation. 
The  catastrophe  must  have  been  most  awful,  when 
seen  from  the  vicinity ;  for  Mont  Grenier  is  almost 
isolated,  advancing  into  a  broad  plain,  which  extends 
to  the  valley  of  tlie  Isere.  It  is  several  miles  in 
length,  and  is  connected  vdth  the  mountams  of  the 
Grand  Chartreux,  but  it  is  very  narrow.  Its  longi. 
tudinal  direction  is  from  east  to  west:  near  £e 
middle  it  makes  a  bend  towards  the  nordi,  forming  a 
kind  c^bay  or  concavity  on  tiie  southern  side. 

**  Mont  Grenier  rises  very  abruptly  upwards  of 
4000  feet  above  the  plain.  It  is  capped  witii  an  uu- 
mense  mass  of  limestone  strata,  not  less  than  600  feet 
in  thickness,  which  presents  on  every  side  the  appear- 
ance of  a  wall.  The  strata  dip  gently  to  the  side 
which  fell  into  the  plain.  This  mass  of  limestone, 
rests  on  a  fountlation  of  softer  strata,  probably  mo- 
lasse,  under  which  are  distinctly  seen  thin  strata, 
alternating  with  soft  strata.  The  annexed  cut  repre- 
sents tlie  east  wing  of  the  mountain,  and  a  small  part 
of  the  Abymes  de  Myans.  There  can  be  little  doubt 
that  the  catastrophe  was  caused  by  the  gradual 
erosion  of  the  soft  strata,  which  undermined  the  mass 
of  limestone  above,  and  projected  it  into  the  plain. 
It  is  •also  probable^  that  tne  part  which  fell,  bad  for 
some  time  been  nearly  detached  from  the  mountain 
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by  a  shrinking  of  the  southern  side,  as  there  is  at 
present  a  rent  at  this  end»  upwards  of  SOOO  feet  deep» 
which  seems  to  have  cut  off  a  large  section  from  the 
eastern  end,  that  now 

*  Hangd  in  doubtful  ruins  roond  its  base*' 
«s  if  prepared  to  renew  the  catiistrophe  of  1^18.  Tlic 
Abymes  de  Myans  are  hills,  or  ratlier  monticules,  of 
a  conical  shape,  varyinij;  in  height  from  twenty  to 
thirty  feet ;  they  co\  cr  about  nine  square  miles  :  the 
monticules  are  composed  of  fragments  of  calcareous 
strata,  some  of  which  are  of  immense  size.  They 
consist  of  yellowisli  oolitic  limestone,  strongly  re- 
sembling the  lower  oolites  in  Gloucestershire  j  a  gray, 
limestone,  harder  and  more  ciystallinc  than  lias, 
which,  however,  it  may  probably  be ;  and  a  thin  slaty 
arenaceous  limestone,  much  resembling  Stonesfield 
slate.  Fragments  of  scliistose  chert  were  interstra- 
tified  with  some  of  the  limestone. 

**  The  largest  masses  have  evidently  iailen  from 
the  upjper  bed  of  limestone  by  which  MontGrenier  is 
capped.  The  velocity  they  would  acquire  by  fidHng 
from  so  great  a  height,  making  due  allowance  for  the 
resistance  of  the  atmos])here,  could  not  be  less  than 
300  feet  per  second  ;  and  the  projectile  force  they 
gaineil  by  striking  against  the  base  of  the  mountain, 
or  against  each  other,  has  spread  them  far  into  the 
plain.  In  the  course  of  years,  the  rains  or  currents 
of  water  from  dissolving  snows,  have  fiuTowed  chan- 
nels between  the  larger  masses  of  stone,  and,  washing 
away  part  of  the  loose  earth,  have  lefl  the  immense 
number  of  detached  conical  hills  which  are  seen  at 
present.  So  deep  and  vast  was  the  mass  of  ruins 
that  covered  the  town  of  St.  Andr^  and  the  other 
parishes,  that  nothing  belonging  to  them  has  been 
discovered,  except  a  small  bronze  statue.'*— Vol.  I. 
p.  QOl. 

A  part  of  a  mountain  near  Servos,  on  the  road  to 

Chamouny,  fell  down  in  the  year  I75I.  The  fall 
continued  lor  many  days,  and  the  air  was  darkened 
with  immense  volumes  of  black  dust,  which  extended 
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for  twenty  mUes,  and  is  still  remembered  by  some  of 
the  oldest  inhaUtaots  of  Chamouny*   A  continued 
succession  of  reports,  like  those  of  cannon,  announced 
the  successive  railing  of  rocks,  day  and  ni^ht.  The 
mountain  did  not,  like  that  of  Mont  Gremer,  fall  at 
once,  for  it  is  coniposecl  of  a  .succession  of  beds  of 
limestone  resting  on  sandstone,  and  extremely  fragile 
schist,  wliich  are  even  now  yielding  to  the  constant 
action  of  rain.    A  deep  excavation,  whicli  I  observed 
under  a  precipice  of  limestone,  near  tlie  sinnnut, 
a})peared,  in  18^1,  to  threaten  a  renewal  q£  tlie  catsr 
.  strophe  of  1751. 

In  the  Swiss  Alps,  the  great  SboulemenU*  which 
have  destroyed  whole  villages,  have  been  caused  by 
the  sliding  down  of  highly  inclined  beds  of  loose 
conglomerates,  whicli  have  been  undermined  at  their 
bases.  This  will  be  better  understood  by  a  reference 
to  Plate  II*  fig.  2.,  representing  the  section  of  a 
mountain  on  the  Alps :  the  beds  a  ah  ah  are  highly 
inclined ;  and  should  the  outer  bed  a  be  a  soft  sand- 
stone or  conglomerate,  the  action  of  watercourses  or 
heavy  rains  upon  its  foot  or  base,  tends  to  destroy 
and  imdermine  it,  and  the  whole  bed,  perhaps  several 
hundred  feet  in  thickness,  is  suddenly  precipitated 
into  the  valley.  In  1806,  a  part  of  the  mountain  of  j 
Rosberg,  between  the  lakes  of  Zug  and  Laworts,  fell  \ 
down  from  the  cause  here  mentioned,  and  buried  a  | 
considerable  part  of  the  valley,  and  several  of  the 
inhabitants. 

Where  the  soil  formed  by  the  debris,  or  ruins  from 
the  fall  of  mountains,  is  ravourable  to  vegetation,  it 
becomes  co\  ered  with  vineyards  and  chestnut-trees ;  of 
which  we  have  an  example  in  the  soil  tliat  covers  tlie 
former  town  of  Fleurs,  nearChavennes,and  all  its  noble 
pedaces,  belonging  to  opulent  citizens  of  Milan.  On 
the  26th  of  August,  I6l8,     an  inhabitant  entered 

*  The  fan  of  parts  of  mountains  is  so  common  an  oocwrrence  in 

the  Alps,  that  it  is  expressively  called  an  ebou/cmrnf,  from  tht*  verb 
vbouft  r.  In  Dovonaliire  and  Dorsetshire,  tlie  faii  of  the  diflb  is 
called  a  rougometU. 
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the  town,  and  said  that  he  saw  the  mountains  cleav- 
ing :  he  was  laughed  at  for  Ids  pains  ;  but  in  the 
evening  the  mountain  fell,  and  buried  the  town  and 
all  its  inhabitants.  The  number  destroyed  is  stated 
to  be  24s30f  of  whom  not  one  escaped^  excqpt  the 
person  who  warned  them  of  their  danger/' 

Where  the  soil  is  un&vourable  to  vegetation,  the. 
ruins  remain  exposed  to  the  action  of  rains,  and  of 
torrents  from  tliie  sudden  mdting  of  snow,  which 
furrow  channeb  through  them,  and  leave  detached 
monticules,  as  in  the  Abymes  de  Myam;  but  it  is 
evident,  that  by  these  causes  they  could  not  be  trans-  ' 
ported  to  distant  countries,  except  in  llie  conuuinuted 
ibrni  of  sand  or  mud. 

There  are,  however,  other  causes  in  present  acti\ity, 
winch  tear  down  large  masses  of  rock,  and  carry  tliem 
many  miles  from  their  native  sites.  The  mountain 
valleys  in  the  hii^her  Alps,  on  the  confines  of  eternal 
snow,  sometimes  become  closed  by  the  extension  of 
a  lateral  glacier  across  them,  which  dams  in  tlie 
water  from  the  melting  of  Alpine  snow,  and  forms  a 
mountain  lake,  elevated  many  thousand  feet  above 
the  lower  habitable  valleys.  During  very  hot  sum* 
mers,  the  same  cause  wmch  increases  the  waters  in 
the  lake,  by  a  more  rapid  melting  of  the  Alpine 
snows,  diminishes  the  strength  and  thickness  of  the 
barrier  of  ice ;  it  is  rent  asunder,  and  the  whole 
water  of  the  lake  is  suddenly  precipitated  into  the 
lower  valleys  with  tremendous  violence,  tearing  clown 
and  bearing  along  witii  it  all  opposing  obstacles.  The 
water  is  seen  approaching  like  a  moving  wall.  In 
this  manner  was  the  village  of  Martigny  in  the  Valais 
nearly  destroyed  in  1818.  A  similar  inundation,  in 
the  valley  of  the  Upper  Doron  in  the  Tarentaise,  took 
place  in  the  following  year.  1  had  an  opportunity 
of  observing  its  efiects,  which  appeared  to  equal  in 
intensity,  but  not  in  extent,  those  of  diluvial  action. 
Numerous  Uocks  of  stone,  of  many  tons'  wei^t,  were 
brought  down  by  the  torrent,  and  scattered  over  a 
snudf  plain  at  the  mouth  of  the  lateral  valley,  along 
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whicli  they  had  desceiuletl.  1  liese  blocks  were 
chiefly  (jiiartz  rock,  intermixed  with  a  few  blocks  of 
mica  and  talc  slate. 

To  proceed  to  the  causes  which  are  in  the  present 
time  wearing  down  the  sui*face  of  islands  and  con- 
tinents.—  The  action  of  the  sea  upon  the  cVifb  in 
England,  proves  in  a  striking  manner  the  changes 
which  this  important  agent  can  eftect  in  the  space  of 
a  few  centuries,  and  sometimes  in  a  few  years.  In 
Devonshire  and  Dorsetshire,  and  on  the  coasts  of 
Sussex,  Kent,  and  Suffiblk,  the  sea  has  made  great 
encroachments  on  the  land,  since  the  time  of  die 
Norman  Conquest ;  as  may  be  proved  both  by  ancient 
records,  and  by  what  is  now  taking  place  ;  the  clifJ^ 
being  undermined  by  high  tides,  large  portions  of 
land  are  yearly  falling  into  the  sea.  Notwithstand- 
ing the  known  loss  of  ground  in  certain  situations, 
where  the  cliffs  on  the  sea-shore  are  chiefly  com- 
posed of  sand  or  sofl  porous  beds,  there  is  another 
cause  in  constant  operation,  more  destructive  than 
the  direct  action  of  the  sea*    Water  from  tiie  land 
penetrates  through  the  porous  beds,  and  issues  forth 
at  the  bottom  of  tlie  clifis,  carrying  with  it  part  of 
the  loose  materials  of  which  they  are  composed.  In 
this  manner  the  ground  is  undermined,  and  finally 
sinks  into  the  sea.   In  some  instances,  tracts  of  con- 
nderable  extent  are  suddenly  projected  upon  the 
beach,  *and  acre  aflter  acre  disappears.   This  effect  of 
land-springs  may  be  seen  in  a  very  striking  inanner 
in  the  cliffs  near  Cromer,  and  on  various  parts  of  the 
coast  of  Norfolk  and  Suffolk,  and  is  still  more  remark- 
able in  the  clifis  near  Boulogne,  as  the  extent  of  the 
destruction  of  the  land  is  well  ascertained,  by  very 
ancient  plans  of  the  harbour.    A  lighthouse,  built  hy 
order  of  Caliirula,  on  a  verv  hii^li  hill  on  the  north-east 
of  the  harbour,  and  wliich  remained  entire  many 
centuries,  fell  down  by  the  destruction  of  the  clift*  in 
1041. ;  only  a  small  part  of  the  foundation  is  now 
visible.    By  a  plan  taken  in  1^50,  it  appears  that 
the  pharos  was  then  at  some  distance  firom  the  sea. 
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In  the  last  two  hundred  years,  tlie  sea  lias  carried 
away  400  metres,  or  nearly  a  quarter  of  a  mile  of 
land,  on  each  side  of  the  port.    The  chtfs  of  Bou- 
logne I  examined  in  1824,  and  considered  theni  as 
closely  allied  to  the  English  Kimmeridge  clay,  and 
sand  associated  with  it.    On  digging  into  the  cliff,  a 
few  years  previously,  a  s])ring  of  hot  water  issued 
out ;  probably  heated  by  the  same  causes,  that  have 
formed  the  pseudo-volcano  in  the  Kimmeridge  day, 
near  Wejrmoutli*   I  am  informed  by  a  fiiend,  now 
at  Boulogne,  that  during  the  present  winter,  1837» 
the  heavy  rains  in  November  and  December  had 
penetrated  through  the  porous  strata  of  the  cliffs, 
and  issued  out  in  streamlets  at  their  base,  and  thus 
undermined  layers  of  clay  and  stone,  some  thousand 
feet  in  length,  and  120  feet  in  thickness,  causing  the 
clay  and  stone  to  change  tlieir  position,  which  was 
nearly  horizontal,  and  dip  in  a  curve  to  the  sea  at 
their  base.    In  some  parts,  the  strata  are  broken  ofi". 
He  had  seen  the  change  of  position  from  its  com* 
mencementt  and  marked  its  progress  from  day  to  day. 

The  cause  of  these  changes  (he  observes)  is  as 
evident  as  the  fact :  it  is  simply  the  undermining  of 
water,  and  of  water  in  drops,  or  streamlets;  for 
powerful  streams  there  are  none.  The  rain  perco- 
lates through  the  upper  porous  beds,  till  it  meets 
with  a  bed  of  rock  or  impervious  clay,  and  then 
descends  towards  the  sea,  bearing  with  it  gradually 
the  bed  along  which  it  runs." 

It  may,  however,  be  doubted,  whether  the  suriiiee 
of  dry  land  is  not  gradually  increasing  on  the  whole 
globe.  The  depositions  from  the  sea  and  from  rivers 
are  filling  up  bays,  estuaries,  and  lakes  :  all  broad  flat 
valleys,  and  almost  all  low  and  lertile  plains,  were 
once  covered  with  water.  On  the  eastern  side  of  our 
own  island,  though  the  land  is  wearing  away  in  some 
parts,  it  is  increasing  more  rapidly  in  others.  The 
Bat  parts  of  Lincolnshire,  Cambric^^hire,  and  HoU 
demess  in  Yorkshire,  have  been  gamed  %>m  the  sea, 
or  from  rivers,  by  depositions  of  sand  and  mud  at 


Digitized  by  Google 


540 


LAND  FORMED  BY  RIVERS. 


no  very  remote  jici  iod  ;  and  the  process  is  going  on 
daily.  In  many  parts,  the  sea,  during  high  tides,  is 
above  the  present  level  of  the  land,  and  is  kept  out 
by  embankments. 

In  Yorkshire,  the  proprietors  contrive  to  raise  the 
surface  of  tlie  ground  by  what  is  called  warping.  At 
the  highest  spring  tides  they  open  sluices  in  the 
embankments,  and  cover  tlie  land  with  the  turbid 
sea^water,  which  remains  until  it  has  deposited  its 
contents,  and  is  let  out  at  low  water.    The  quantity 
of  earthy  matter,  held  in  suspension  by  rivers  after 
heavy  rains,  is  prodigiously  great.    According  to 
Major  Rennell,  a  glass  of  water  taken  from  the 
Ganges  at  the  bright  of  its  inundations,  }  ields  one 
fourth  sediment.    Mr.  Barrow  says,  in  his  account  of 
Cliina,  that  the  quantity  of  mud  brouglit  down  by 
the  Yellow  River  was  found,  by  calculation  founded 
on  expeiiment,  to  exceed  two  million  solid  feet 
j)er  hour  ;  and  that,  some  miles  distant  from  the  sea, 
the  river  was  three  quarters  of  a  mile  broad,  and  was 
running  at  the  rate  of  seven  or  eight  miles  an  hour. 
A  great  part  of  the  enormous  mass  of  mud,  whicJi 
is  perpetually  brought  down  by  the  Yellow  River,  is 
borne  by  strong  currents  from  the  Yellow  Sea  into  the 
Gulf  of  Petchelee,  where  the  stillness  of  the  water 
allows  it  to  subside.    Into  the  same  gulf  the  river 
of  Peking  dischai^ges  itself,  and  Mr.  Barrow  ob- 
serves, that  a  great  part  of  the  land  adjoininff  this 
gulf,  has  apparently  been  formed,  by  the  sand  and 
mud  brought  into  it  $  for  the  tide  m>w8  inland  one 
hundred  and  ten  miles,  and  often  inundates  the  whole 
country,  the  general  level  of  which  is  not  more  than 
two  feet  above  the  level  of  the  river:  indeed,  the 
tleepest  part  of  the  great  gulf  of  Petchelee,  does  not 
exceed  twelve  fathoms,  and  the  prodigious  number 
of  sandy  islands  just  a])pearing  above  the  sui*face,  are 
said  to  have  been  formed  within  the  records  of  history. 
— Barrow's  China,  p.  492.    From  the  above  account, 
there  is  every  probability  that  this  wide  gulf,  will  soon 
be  tilled  up  by  alluvial  and  marine  depositfens.  The 
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Gulf  of  Mexico,  according  to  Huitiboldty  is  gradualljr 

filling  by  the  sand  brought  into  it  from  the  Caribbean 
Sea  on  the  south  side,  and  from  the  vast  rivers,  the 
llio  del  Norte  and  the  Mississippi. 

From  scvc  ral  sources  of  information  referred  to  in 
the  **  Asiatic  Researches,"  and  from  tlie  best  accounts 
of  the  Portuguese,  who  first  visited  India,  there  is 
mucli  reason  to  beheve,  that  tlie  whole  country  of 
Malabar,  between  the  Gaut  Mountains  and  the  sea, 
has  become  dry  land  at  no  very  remote  period. 
Numerous  traditions  refer  to  it    There  is  an  ancient 
book  called  "  Kcrul  Oofpiette,'*  or  the  emerging 
of  the  country  of  Kerul,  or  Malabar.    The  book 
was  trandated  by  Jonathan  Duncan,  Esq.    In  this 
account,  the  formation  of  the  land  is  ascribed  to 
supernatural  agency ;  but  it  eontams  many  state- 
ments that  appear  highly  probable.     It  was  soon 
inhabited,  on  account  of  the  fertility  of  the  ground  ; 
but  the  inhabitants  were  at  first  driven  away  by  the 
multitude  of  serpents,  wliich  abounded  in  the  mud 
and  slime  of  tlie  newly  emerged  country.     In  a 
manuscript  account  of  Malabar,   ascribed  to  the 
Bishop  of  Virapli,  the  seat  of  a  celebrated  Roman 
Catholic  seminary,  the  writer  observes,  that,  by  tiie 
accounts  of  the  learned  natives  of  that  coast,  it  is 
little  more  than  2300  years  since  the  sea  came  up 
to  the  foot  of  the  Jukem  or  Gaut  Mountains ;  and 
'  this  he  thinks  extremely  probable^  from  the  nature 
of  the  scnl,  and  the  quantity  of  sand,  o^ter  shells, 
and  other  fi*agments,  met  with  on  makmg  excava- 
tions.   It  is  not  unreasonable  to  believe,  that  the 
whole  coast  was  elevated  by  subterranean  agency  ;  for 
so  recently  as  1805,  the  bed  of  part  of  the  sea  and 
of  tlic  Indus,  was  permanently  changed,  by  an  earth- 
quake near  Cutch,  on  the  coast  of  Bombay. 

The  increase  of  land  at  the  mouth  of  the  Nile,  and 
of  many  European  rivers,  is  well  known.  Adria, 
which  was  once  a  port  of  the  Adriatic  Sea  (to  which 
it  gave  its  name),  is  now  six  leagues  inland.  In 
lakest  the  diminution  of  the  surface,  by  the  gradual 
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increase  c^'  land  at  the  mootbs  of  rivers  wiiidi  Bov' 
into  them,  is  sdU  more  remarkable.    The  mud  and 
dt'br!<  hroui^ht  into  the  lake  of  Geneva  by  the  Rhone, 
and  deposited  near  its  entrance,  has  made  the  land 
advance  two  miies  m  the  space  of  I7OO  jreais^— the 
Roman  harbour  Portus  Valeske  being  now  thit  dis- 
tance fiom  the  lake.   All  the  lakes  ni  S^row  and 
Sfnt7eriand,  and  in  our  own  idand,  are  irraduallT 
ii^iX  bv<inii!ar  cnii>cs.    To  multiply  iri^uiices 
oftl^i-i  kind  woiild  ho  incimipatible  witii  the  limits  of' 
the  present  vohimo ;  everv  attentive  ob.ser\er  mu^ 
have  noticed  them  in  the  course  of  his  travels. 

AH  the  most  tortile  parts  of  the  globe  were  formed 
bv  alluvial  depositions  :  alluvial  agency  appear^  to 
Ivnv  been  the  means  employed,  in  the  economy  of 
nature*  to  prepare  the  world  for  the  residence  of  sociaF 
and  civilised  man.    The  most  ancient  cities  of  which 
we  ha\-e  any  authentic  record,  Babylon,  Nineveh, 
and  Thebesy  were  focroded  in  the  midst  of  allovial 
soil$»  depodtcd  by  the  Euphrates*  the  Tigris^  and  the 
Nile:  indeed,  h  does  not  appear  unreasonable  to 
Ix  lie\e,  that  the  formation  of  soils,  for  the  support 
ot  voiTctablos  ai;d  ^nimals,     the  final  end  to  which 
all  terrestrial  changes  ulriniatoly  reilr. 

It  has  Ixxni  ju>tly  ohserveil  by  Dr.  Palcy  and 
oihoi-s,  that  in  the  peculiar  conronnation  of  the  leeth 
ill  irniminix  orons  animals,  and  in  the  production  of 
lTpiv^o^  which  >er\e  them  for  food,  we  may  trace 
evident  marks  of  relation,  and  of  a  designing  intefH- 
gent  cause.    With  equal  reason  must  we  admit,  that 
the  destruction  of  motmtains^  and  the  tbrmatioD  of 
soiis  for  the  support  of  the  Tegetable  tribes  are  pro* 
viiied  tl^r  by  the  same  intel%ent  cause,  and  are  part  of 
a  re^Kar  series  of  operations  in  the  economy  of nature. 
lletKe  also  we  mar  mfer,  that  dftose^pnd  revohitions 
d^tbe  globe,  by  wtiidi  new  nsountams  or  contaients 
are  ek^-uted  fiom  the  deep,  are  parts  of  the  same 
5Wie!^  extending  through  ages  of  indefinite  duration, 
•nd  connecting  ail  the  >iuccs;>ive  phenomena  of  the 
w**«rial  universe* 
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By  a  wise  provision  of  the  Author  of  nature,  it  i& 
ordained,  that  lho.se  rocks  which  decompose  rapidly, 
arc  t  hose  wliich  form  the  most  fertile  soils ;  for  the 
(piality  of  soils  dej)euds  on  the  nature  of  the  rocks 
from  which  they  were  formed.  Granitic  and  siliceous 
rocks  form  barren  and  sandy  soils ;  argillaceous  rocks 
form  stitf  clay ;  and  calcareous  rocks,  wiien  mixed  with 
clays,  form  tuarl^  but  when  not  covered  by  other 
strata,  they  support  a  short,  but  nutritious  vegetation. 
Tor  the  formation  of  productive  soils,  an  intermixture 
•  of  the  three  earths— clayy  sand,  and  lime — is  absolutely 
necessary*  The  oxide  of  iron  appears  also  to  be  a 
requisite  ingredient.  The  proportion  necessary  for 
the  formation  of  good  soil,  depends  much  on  the. 
nature  of  the  climate,  but  more  on  the  quality  of  tlie 
sub-soil,  and  its  power  of  retainin<T  or  absorbing 
moisture.  This  alone  may  make  a  soil  barren,  which 
upon  a  different  sub-soil  w^ould  be  exceeihngly  pro- 
ductive. WJien  this  is  the  case,  either  drainage  or 
irrigation  offers  the  only  means  of  permanent  im- 
provement. 

Different  vegetables  also  require  different  admix- 
tures of  earth.  They  require  it,  firsty  because  it  is 
necessary  to  their  growth,  that  the  soil  should  be 
sufficiently  stiff  and  deep  to  keep  them  firm  in  their 
place ;  and  also  that  it  should  not  be  too  stiff ;  to 
allow  the  ex|panston  and  growth  of  their  roots :  and^ 
lastly,  that  it  should  supply  them  with  a  constant 
quantity  of  water,  neither  too  abundant  nor  deficient. 
Hence  we  may  learn  why  different  degrees  of  tenacity, 
depth,  and  power  of  retaining  or  ahsorhing  moisture, 
are  required  in  soils  for  different  kinds  of  plants. 
Thus,  in  uncultivated  countries,  w^e  find  that  certain 
vegetables  affect  particular  situations,  in  which  they 
flourish  spontaneously  and  exclusively ;  and  it  is  only 
by  imitating  nature,  and  profiting  by  the  instruction 
she  atibrds,  that  we  can  hope  to  obtain  advantageous 
results,  or  acquire  certain  fixed  principlest  to  guide  us 
in  our  attem])ts  to  bring  barren  lands  into  a  state  of 
profitable  cultivation.   When  rocks  contain  in  their 
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composition  a  due  proportion  of  silex,  clay,  and  lime, 
they  llirnisli  soils  whose  fertility  may  be  said  to  be 
permanent.  The  most  fertile  districts  in  England 
were  made  so  by  nature ;  their  original  fertility  was 
indepentlcnt  of  human  operation. 

Some  small  portion  of  the  earths  and  alkalie."?  i>' 
found  by  chemical  analysis  in  plants :  but  it  would 
be  contrary  to  fact  and  analogy  to  suppose,  tliat  tiic 
earths,  in  a  concrete  state,  form  any  part  of  the  lopd 
of  plants:  the  earths  and  alkalies  which  they  contain, 
are  in  all  probability  formed  from  more  simple  ele- 
mentfl^  by  the  process  vegetation  ;  for  it  is  now  as- 
certained»  that  the  earths  and  alkalies  are  compound 
substances. 

The  principal  elements  found  in  plants  are  hvdio- 

fen,  carbon»  and  oxygen,  and  by  experiments  or  Gay 
.ussac  andThenard*  it  ap])ears,  that  the  hydrogen 
and  oxygen  in  starch,  gum,  vegetable  oils,  andsugsft 
exist  in  precisely  tlie  same  proportions  tiiat  formnnitcr. 
Carbon,  the  other  principal  elcmentiiry  substance 
found  in  plants,  exists  both  in  water  and  in  the  atnio- 
sphere.    Water  and  the  atmosphere  contain  in  them- 
selves, or  in  solution,  all  the  elements  necessary  ^ov 
the  support  and  growth  of  vegetables.     But  most 
soils  are  either  too  wet  or  too  dry,  too  loose  or  too 
adhesive,  to  admit  plants  to  extract  tiiesc  elenie/its 
in  the  proportions  necessary  for  their  erowtli.  M^^' 
nures  supply  this  deficiency,  by  fiirnismng  S^f^l 
abundance  the  hydrogen,  carbon,  or  azote,  which 
they  may  require.    In  proportion  as  soils  lH)ffless  a 
due  d^ree  of  tenacity,  and  power  of  retaining  or 
absorbing  heat  and  moisture,  ttie  necessity  for  a  sup 
ply  of  manure  is  diminished ;  and  in  scmie  instances, 
the  earths  are  so  fortunately  combined,  as  to  render 
bHI  supply  of  artificial  manure  unnecessary.   He  wno 
possesses  on  his  estate  the  three  eartiis, —  chyt  sandf 
antl  lime,  —  of  a  good  quality,  with  facilities 
drainagq  or  irrigation,  has  all  the  materials  ibr  p^^' 

*  Recherches  PbyMCo-Chimiquet. 
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manent  improvement  j  the  grand  desiderata  in  agri- 
culture being  to  vender  wet  lands  dry,  to  supply  dry 
lands  witli  sufficient  moisture,  to  make  adhesive  soila 
loose,  and  loose  soils  sufficiently  adhesive. 

The  intermixture  of  soils,  where  one  kind  of  earth 
is  either  redundant  or  deficient,  is  practised  in  some 
•countries  with  great  advantage.  Part  of  Lancashire 
is  situated  on  the  red  sandstone  described  in  the- 
twelfth  chapt^.  This  rock,  beii^  princi^lly  composed 
of  siliceous  earth  and  the  oxtde  of  nron,  forms  of 
itsdf  very  unproductive  land:  but,  fiirtunatdy,  in 
many  situatums*  it  contains  detached  beds  of  caicap 
reous  marl  near  the  surface.  By  an  intermixture  of 
this  marl  with  the  soil,  it  is  converted  into  fertile 
land,  and  the  necessity  for  manure  is  superseded. 
The  effect  of  a  good  marl  applied  liberally  to  this 
land,  lasts  for  more  than  twenty  years.  In  some  lands, 
a  mixture  of  light  marl,  which  contains  scarcely  a 
trace  of  calcareous  earth,  is  found  of  great  service. 
The  good  effect  of  this,  aj)pears  to  dej)end  on  its 
giving  to  the  sandy  soil  a  sufficient  degree  of  tenacity. 
The  sterile  and  eraveliy  soils  in  Wiltshire  have  been 
recently  rendered  productive,  by  mixing  them  with 
chalk :  the  most  liberal  application  of  manure  having 
been  found  ineffectivey  or  injurious.  In  stiff  clay 
soilsy  where  lime  is  at  a  great  distance^  the  land 
mjght  frequently  be  improved*  by  an  intermixture 
wioi  siliceous  sand.  A  proper  knowledge  of  the 
quality  of  the  sub-soi]»  and  the  nosition  en  the  sub- 
strata, is  necessary  to  ascertain  we  capability  of  im- 
provement which  land  may  possess.  It  may  frequently 
happen,  that  a  valuable  stratum  of  marl  or  stone, 
which  lies  at  a  great  depth  in  one  situation,  may  rise 
near  the  surface  in  an  adjoiningpart  of  the  estate,  and 
might  be  procured  with  little  expense. 

Lime  is  the  only  earth  which  has  been  generally 
used  to  intermix  with  soils,  and  has  been  considered 
as  a  manure ;  but  its  operation  as  such  is  very  im- 
perfectly understood.  Burnt  lime,  when  caustic, 
destroys  undecomposed  v^etabie  matter,  and  re- 
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duces  it  to  mould ;  so  far  its  use  is  intelligible.  It 

combines  also  with  vegetable  or  mineral  acids  in  the 
soil,  which  might  be  injurious  to  vegetation  ;  here 
its  operation  is  likewise  intelligible  :  but  if  we  assert, 
that  when  burnt  lime  has  absorbed  carbonic  acid  and 
become  mild,  it  gives  out  its  carbon  again  to  tlie 
roots  of  plants,  we  assume  a  fact,  which  we  have- 
neither  experiments  nor  analogies  to  support.  The 
utility  of  lime  in  decomposing  vegetable  matter  and 
neutndising  acids  is  obvious :  but  it,  other  uses  are 
not  so  evident ;  except  we  admit  that  it  acts  me- 
chanicall^'  on  the  soil,  and  renders  the  clay  or  sand 
with  which  it  is  intermixed,  better  suited  to  the  pro- 
per expansion  of  the  root^  and  more  disposed  to 
modify  the  power  of  retaining  or  absoiinng  the 
requisite  degree  of  heat  and  moisture,  which  particu- 
lar vegetables  may  demand. 

Where  earths  are  properly  inlcrniixed,  instancei^  are 
known  oi'  land  producing  a  succession  of  good  crops 
for  many  years,  witliout  fallowing  or  manure.  On 
the  summit  of  Breedon  Hill,  in  Leicestershire,  I  have 
seen  a  luxuriant  crop  of  barley  growing  on  land,  that 
had  borne  a  succession  of  twenty  preceding  croj)s 
without  manuring.  This  is  more  deserving  notice, 
being  in  an  exposed  and  elevated  situation,  and  upon 
the  very  hill  oi  magnesian  limestone,  which  has  been 
so  frequently  referred  to  by  chemical  writers,  as 
peculiarly  unfavourable  to  vegetation.  The  lime- 
stone of  this  hill  contains  above  SO  per  cent  of 
magneaa.* 

The  temperature  requisite  for  the  growth  of  plants 
is  influenced  by  the  power  of  different  soils  to  absorb 
and  retun  heat  from  the  solar  rays,  whidi  depends 
much  on  thdr  moisture  and  tenacity.  "  It  is  a  well 
known  fact,  that  the  vegetation  of  perennial  grasses  in 

•  The  magnesian  lime  acts  more  powerfully  in  destroying  uDd«> 
coDiposed  vegetable  matter  than  common  lime,  and  its  eifects  on 
land  are  more  durable :  hence  it  is  in  reality  of  greater  Talne  in 
agricultttre»  as  a  mncji  jimaUer  quantity  will  answer  the  same 
pnipose. 
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the  spring,  is  at  least  a  fortnight  sooner  on  limestone 
and  sandy  soils,  if  not  extremely  barren,  than  on 
clayey  or  even  in  deep  rich  soils  :  it  is  equally  true, 
but  perhapB  not  so  well  known,  that  the  difference  is 
more  than  reversed  in  the  autumn.*' —  Observations 
on  Mildew,  by  J.  Egremonty  Esq*  This  effect  Mr.  £. 
ascribes,  with  much  probability,  to  the  rich  or  clayey 
soils  absorbing  heat  slowly,  and  parting  with  it  again 
more  rductantly  than  the  calcareous  soils,  owing  to 
the  greater  quantity  of  moisture  in  the  day,  which  is 
an  imperfect  conductor  of  heat. 

Calcareous  soils  might  frequently  be  much  im- 
proved by  a  mixture  of  clay,  sand,  or  gravel,  which, 
in  many  situations,  is  practicable  with  little  expense, 
and  would  well  rewaid  the  labour  of  tlie  experimental 
agriculturist. 

Calcareous  Tufa.  —  Beside  the  new  land  formed 
by  alluvial  depositions,  beds  of  calcareous  tufa  are 
sometimes  formed  in  valleys,  and  at  the  bottom  of 
lakes,  by  a  process  which  bears  some  analogy  to 
chemical  formations.  Springs  containing  carbonic 
acid,  that  issue  from  limestone  strata,  contain  particles 
of  carbonate  of  lime  chemically  dissolved  in  the  water; 
but  on  exposure  to  air  and  light,  the  carbonic  acid; 
which  had  but  a  slight  affinity  for  the  particles  of 
limestone,  separates,  and  the  particles  of  lime  are 
precipitated  and  form  calcareous  incrustations :  these 
m  a  course  of  years  compose  thick  beds,  and  are  some- 
times sufficiently  hard  to  be  used  for  building-stone. 
Tiie  Rock  Mill,  near  Stroud,  in  Gloucestershire,  is 
built  of  this  stone.  In  almost  all  limestone  countries, 
there  are  instances  of  calcareous  incrustrations  formed 
in  springs,  which  have  received  tlie  name  of  petriiying 
wells. 

Thermal  waters,  that  contain  calcareous  earth  in 
solution,  deposit  beds  of  tufa  very  rapidly.  Nearly 
the  whole  bottom  of  the  valley  at  Matlock  Baths,  in 
Derbyshire,  is  filled  with  calcareous  tufa,  forming  a 
bed  not  less  than  fifty  feet  in  thickness,  and  halt*  a 
mile  in  length.   It  contains  fragments  of  moss,  and 
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feome  land  shells.  The  horns  ot  a  sUig  were  found  in 
excavating  tliis  tufa ;  it  is  deposited  by  the  tliernjai 
springs,  tliat  every  where  gush  out  from  the  hill 
behind  tlie  baths.  'Except  the  depositions  from  ther- 
mal waters,  beds  of  calcareous  tufa  are  seldom  formed 
on  land»  of  any  considerable  magnitude ;  but  thermal 
waters  have  probably  been  important  agents*  in  the 
formation  of  many  of  the  secondary  strata  at  the 
bottom  of  the  ocean.   (See  Chap«  XV  L) 

Mr.  Lyell,  in  the  first  volume  of  his  «  Principles 
of  Geology/'  has  described  many  depositions  of 
calcareous  tufa  in  the  volcanic  districts  of  France  and 
Italy. 

Depositions  of  freshwater  limestone  are  slowly 
forming  in  some  of  our  present  lakes.  Mr.  Lyell,  m 
"Geological  Transactions,"  1826,  describes  a  fonna- 
tion  of  this  limestone,  about  nine  miles  west  of  Fortar, 
ill  Scotland,  at  tlie  bottom  of  a  small  lake  which  lias 
been  in  a  great  part  excavated  for  marl.  It  contains 
difierent  strata,  of  variable  thickness,  of  sliell  and  rock 
marl.  The  rock  marl  consists  wholly  of  carbonate  of 
lime ;  it  is  hard  and  com])act»  and  in  some  parts 
crystalline.  The  lower  shell  marl,  rarely  contains 
any  distinguishable  quantity  of  shelly  matter.  In  tlie 
rock  marl  are  found  shells  of  HeUces,  the  Turbo 
fontinalis,  and  the  Patella  lacustris.  There  are 
remains  of  land  quadrupeds  in  the  shell  marl,  but 
not  in  the  rock  marl. 

Peat  is  a  substance  which  has  been  classed  with 
alluvial  soils,  though  it  is  obviously  a  \'egetable  pro- 
duction. Peat  formerly  covcreil  extensive  tracts  in 
England,  but  is  disappearing  before  the  genius  of 
agricultural  improvement,  which  has  nowhere  pro- 
duced more  important  eli'ects,  than  in  the  conversion 
of  the  black  antl  barren  peat  moors  of  the  northern 
counties,  into  valuable  land  covered  witli  luxuriant 
herbage,  and  depastured  by  immerous  Mocks. 

In  describing  the  general  appearance  of  a  peat 
moor  (says  Mr.  Jameson)  we  may  conceive  an  almost 
entire  fiat  of  several  miles  extent^  of  a  brown  colour. 
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here  and  there  marked  with  tufts  of  heather,  which 
have  taken  root,  owing  to  the  more  complete  decom- 
positioii  of  the  surface  peat;  no  tree  or  shrub  is  to 
be  seen  ;  not  a  spot  or  grass  to  relieve  the .  eye> 
in  wandering  over  this,  dreary  scene.  A  nearer  exa- 
mination discovers  a  wet  spongy  sur&ce,  passable  only 
in  the  driest  seasons^  or  when  all  nature  is  locked  in 
frost  The  surftce  is  frequentl v  covered  with  a  slimy 
black-coloured  substance,  which  is  the  peat  earth  so 
mixed  with  water,  as  to  render  the  moor  only  passable, 
by  leaping  from  one  tuf  t  of  heather  to  another, 

**  Peat  is  found  in  various  situations,  often  in 
valleys  or  plains,  where  it  forms  very  extensive  deep 
beds,  from  tiiree  to  forty  feet  deep,  as  those  in  Aher- 
deenshire  :  it  also  occurs  upon  the  sides  of  mountains, 
but  even  there  it  is  ironerally  in  a  horizontal  situation. 
The  tops  of  mountains,  upwards  of  two  tliousand  feet 
high,  in  the  Highlands  of  Scotland,  are  covered  with 
peat  of  an  excellent  kind.*' 

**  It  is  also  found  in  situations  nearly  upon  a  level 
with  the  sea:  thus,  the  great  moss  of  Cree  in  Gallo- 
way, lies  close  upon  the  sea,  on  a  bed  of  clay,  little 
higher  than  the  flood  marks  at  spring  tides.''* 

In  the  first  volume  of  Dr.  Macculloch's  valuable 
**  Hbtory  of  the  Western  Islands  of  Scotland,*'  he  has 
enumerated  nearly  forty  plants,  which  concur  to  the 
generation  of  ])eat,  of  which  the  most  ahundant  is  the 
sphagnum  pahistrc.  The  process  by  which  these 
vegetables  are  eonverted  into  peat,  is  most  clearly 
seen  in  tlic  s})hagnum.  As  the  lower  extremity  of 
tlie  plant  dies,  the  up])er  sends  forth  fresh  roots  like 
most  of  the  mosses,  tlie  individual  thus  hecoming  in 
a  manner  immortal,  and  su])plying  a  perpetual  fund 
of  decomposing  vegetable  matter.  A  similar  process, 
though  less  distinct,  takes  place  in  many  of  the  rushes 
and  grasses,  the  ancient  roots  dying  together  with  the 
outer  leaves,  while  an  annual  renovation  of  both,  pre. 

*  Jaiiie80D*s  Mineralogy  of  the  Shetland  Islandi. 
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petuatcs  the  existence  of  the  plant.  The  growth  of 
peat,  necessarily  keeps  pace  with  that  of  the  veire- 
tables  from  wliich  it  is  tbnned ;  iience  the  neccs>ity 
of  replacing  the  living  turf  on  the  bog  where  peat  lia^ 
been  cut,  —  a  condition  now  required  in  all  leases, 
in  which  liberty  to  cut  turf  is  included.  On  the 
conversion  of  v^etable  matter  into  peat  Dr.  Mac- 
cuUoch  obs^ves  :  —  Where  the  living  plant  is  still 
in  contact  vrith  peat,  the  roots  of  the  rushes,  and 
l^eous  vegetables,  are  found  vacillating  between 
lire  and  death,  in  a  spongy  half  decomposed  mass. 
Lower  down,  the  pulverised  carbonaceous  matter  is 
seen  mixed  with  similar  fibres,  still  resisting  decom- 
position. Tiicse  gradually  disappear,  and  at  length  a 
finely  powdered  substance  alone  is  found,  the  process 
being  completed  by  the  total  destruction  of  all  tlie 
orcfanised  bodies." — P.  130.  Tiie  best  peat  is  that 
of  which  the  decomposition  is  most  complete,  and 
the  s])ecific  gravity  and  compactness  the  greatest. 
The  quality  of  peat.  Dr.  Macculloch  observes,  is  much 
affected  b^  the  wetness  or  dryness  of  the  soil,  and 
the  elevation  or  other  causes,  which  influence  the 
temperature  and  moisture  of  the  atmosphere.  It  is 
only  in  the  first  stages  of  decomposition  that  peat  is 
soluMe,  and  communicates  a  dark  colour  to  water. 

The  rapid  formation  of  peat  in -many  situatkms, 
where  it  is  found  covering  ground  that  was  fosmerly 
oastured,  admits  of  an  easy  explanation,  since  Dr. 
Macculloch  has  so  clearly  described  the  mode  in 
which  this  substance  is  generated. 

The  property  possessed  by  ])eat  of  preserving 
animal  matter  from  putrefaction  is  well  deserving 
notice.  It  is  probably  owing  to  this,  that  some  of 
the  flesJiy  parts  of  the  mastodon  have  been  so  long 
preserved  in  peat  bogs. 

In  the  PkUosophical  TramactionSf  17^»  there  is  a 
letter  from  Dr.  Balguy,  giving  an  account  of  the 
preservation  of  two  human  bodies  in  peat  for  fifly-nine 
years*      On  January  14, a  larmer  and  his  maid- 
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ifervant  were  crossing  the  peat  moors  above  Hope, 
near  Castleton,  in  Derbyshire;  they  were  overtaken 
by  a  great  fall  ol"  snow,  and  both  perished  :  their 
bodies  were  not  found  till  the  3d  of  May,  in  the  same 
year  ;  and  being  then  offensive,  the  coroner  ordered 
them  to  be  buried  on  the  spot  in  the  peat.  They  lay 
undisturbed  twenty-eight  years  ana  mne  montliSt 
when  the  curiosily  of  some  countrymen  induced  the^ 
to  open  their  graves.  The  bodies  appeared  quite 
fresh,  the  skin  was  &ir  and  of  its  natural  colour,  and 
the  flesh  as  soft  as  that  of  persons  newly  dead.  They 
were  afterwards  frequently  exposed  as  curiosities  until 
hi  the  year  17 16,  when  they  were  buried  by  <Mrder  of 
the  man's  descendants.  At  that  time  Dr.'  Bourne,  of 
Cliesterfield,  who  examined  the  bodies,  says  the  man 
was  perfect,  his  beard  was  strong,  the  hair  of  his  head 
was  short,  and  his  skin  hard  and  of  a  tanned  leather 
colour,  hke  the  liquor  he  was  lying  in.  The  body  of 
the  woman  was  more  injured,  having  been  more 
frequently  exposed  ;  tlie  hair  was  like  that  of  a  living 
person.  Mr.  Wormwald,  tlie  minister  of  Hope,  was 
present  when  Uiey  were  removed:  the  man's  le^ 
w  hich  had  never  before  been  uncovered,  were  quite 
fiur  when  the  stockings  were  drawn  off,  and  the  joints 
played  freely  without  the  least  sti^ess.'' 

In  the  beginning  of  the  last  century,  the  perfect 
body  of  a  man,  in  the  ancient  Saxon  costume,  was 
discovered  in  peat,  at  Hatfield  Chase»  in  Yorkshire : 
it  soon  perished  on  exposure  to  the  air. 

Extensive  tracts  of  cultivated  ground  are  some- 
Limes  converted  into  sandy  deserts,  by  the  drifting 
of  sea-sand  inland.  The  process  by  which  this  is 
effected,  is  talking  place,  at  present,  in  many  situations. 
During  very  high  winds,  the  sand  is  driven  from  the 
sea-shore  to  a  certain  distance,  leaving  an  elevated 
ridge  at  the  further  boundary  of  the  drift  Succeed- 
ing  winds  blow  the  sand  forward,  and  at  the  same 
time  bring  fresh  sand  firom  the  shore  to  supply  its 
place.  In  the  sixth  volume  of  tlie  Trantactims 
ihe  Irish  Academy^  an  account  is  given  of  the 
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Tree^,  houses,  and  em  vusj^icv  fuse  beat  mf- 

rounded  or  covcrred  with  sand,  dosinc  las  itsc  oaiiar-. 
In  the  viciiuty  ot  -ar.  :ji  ce-t'T^-  rz'r  ^iEzc  i^-*.* 
encroaciiinf?  on  tne  IjuaiHcabie  Lir^.,:,.  TIle  ..rT!?,;  .^is*^ 
of  LiUva  are  tiioa  ^prcr^iUir^  over  tifce  tiit 
lK;r<l(T^  the  Nile,  ai.i  bjr»:nz  tx'^e  gi^m»iay-ik£s  at  irt 
and  tiie  %e>ti^es  of  tom;er  cuiii^irioc,  Yrv^  2 
causey  tFj(*  country  irnTiitxiLnttiiy  r»>  —  ^  Px^iiivm.  tisM. 
ODce  Hiipplied  a  crowded  popuiaoon  vuii  MMd^  nov 
«carcely  a£ibrds  a  few  withered  piaaii^  to  cmhI  «f 
tlic  wandering  Arab. 

A  aa&d^  inundation  on  the  north  coal  of  CoawJ 
wa»  mentioned  Cfaap.  I.  p.  22.  Hoi  nad*  viith  w 
composed  of  fragments  cf  aheHs  and  conl»  m  m.  wamt 
tmrta  cemented  into  wnAtone,  faj  wstar  nAnah^ 
fioin  the  slate-rocks :  it  is  sim^fav  in  afipeanBce  m 
the  recent  sandstone  of  Guadaloupe,  in  which  huir.^ 
»kelcU>nH  have  Ijeen  found  :  the  luiier  i>a  verv  comr^'-n 
HnndHt(/jie  in  the  West  Indies;  it  increases  rapitiiy, 
and  the  land  gained  from  the  sea,  which  tbrm?  9r>m^ 
ol*  the  plains  of  St.  Donnngo,  i::  ci>nipo>ed  of  it.  A 
conc'reted  calcareous  sanrlstone,  extends  on  the  sojii>- 
crHf  wentcni,  and  nor tli- western  coast  of  ^  vtrratia, 
for  ilirec  thousand  miles* 

Among  tlie  causes  in  present  activity,  which 
changing  the  surface  of  the  gldbe»  the  laboma  of 
coralliiii^  polypi  must  not  be  unnoticed.  These  po^rpi 
raise  up  waifs  and  ree&  of  corai  rock  with  astomdung 
rapidity  in  tropical  dimates,  and  endrde  the  present 
islands  witli  liclts  of  coral,  thus  en]ai]g^ng  their  coasts. 
A  f*omt  reef  of  seven  hundred  miles  in  length,  ex- 
t(  ihIm  from  the  north-west  of  Australia,  towards  new 
(luinea.     For  a  delailetl  account  of  coral  rucks  an  1 
reelk,  1  inuHt  refer  tlie  reader  to  the  observation-  of 
Dr.  K»rsln  ,  and  the  voyages  of  Captain  iiiuders, 
and  of  Kot/ehne,  and  of  tlie  Frencli  natui'alists  MM. 
(^uoi  and  (iaimard,  hut  more  particularly  to  the 
oiiservationH  of  Ca[)tain  Beechy,  made  during  his 
voyage  to  the  iSouthem  Pacific*    The  sulgect  of 
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coral  reefs  has  already  been  referred  to,  pp.  1 1^  and 
116.  Chap.  VI. 

The  laraelliform  polypi,  that  possess  the  power  of 
secreting  lime  in  sixth  vast  abundance,  as  to  form 
beds  that  rival  in  magnitude  and  extent  the  greatest 
calcareous  beds  of  our  present  continents,  are  deno- 
minated by  naturalists  madrepora  astrea,  caryophil- 
lia,  meandrina  (commonly  called  brain-stone),  and 
miOepora,  &c.  The  calcareous  habitations  of  these 
iHiunab  remain  permanent,  and  after  one  generation 
has  perished,  another  constructs  similar  cells  upon  the 
former  ones,  until  they  rise  to  the  surface  of  the  sea. 
It  has  been  ascertained,  that  nuuiy  of  tlie  encircling 
coral  reefs,  which  have  a  lake  within  them,  have  been 
constructed  on  the  summits  of  the  numerous  volcanic 
craters  that  have  been  raised  in  the  Pacific  Ocean,  and 
that  are  still  forming  there.  Other  coral  reefs  encir- 
cle islands  at  the  distance  of  two  or  three  miles  from 
the  shore.  Coral  reefs  of  great  length,  like  that 
between  the  north-west  of  Australia  and  New  Guinea, 
are  probably  formed  upon  long  submarine  chains  <^ 
mountains,  that  rise  nearly  to  the  sur&ce  of  the  ocean. 
Mr.  Darwin,  who  has  recently  observed  many  of  the 
oml  reefi  in  the  Pacific  Ocean,  is  inclined  to  believe^ 
that  some  of  the  largest  are  constructed  on  the  sur&ce 
of  extensive  islands  that  have  been  gradually  sub- 
merged below  the  surface  of  the  sea.  He  founds  this 
opinion  chiefly  on  the  vast  circumference  of  these 
reefs,  which  he  supposes  to  exceed  that  of  any  vol- 
canic craters  :  but  according  to  Von  Buch  a  volcanic 
crater  was  formed  at  St.  Miguel,  one  of  the  Azores, 
soon  after  the  first  discovery  of  that  island,  fifteen 
English  miles  in  circumference.  Edin.  New  PhiL 
Journal,  Oct,  18i3G,  p.  203.  Wc  have  no  reason  to 
conclude,  that  volcanic  craters  of  far  greater  magni- 
tude may  not  occur.  Mr.  Darwin  is,  however, 
inclined  to  the  opinion,  that  the  process  of  elevation 
and  submergence  of  extensive  tracts,  is  taking  place 
along  parallel  lines  in  the  Pacific  Ocean,  which  may 
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eventually  form  a  new  continent.*  Proceedings  of 
the  Oeolofricnl  Societif  o  f  London,  1837. 

Organic  Remains  in  Diluvinl  Beds, — As  the  fossil 
remains  of  the  mastodon,  the  elephant,  the  rhinoceros, 
and  hippopotamus  occur  with  the  bones  of  other 
mammalia  m  diluvial  beds,  this  ciicumstance  proves 
the  great  antiquity  of  these  beds»  and  distinguishei 
them  from  recent  alluvial  depositions.  The  grinden 
of  the  elephant,  the  rhinoceros,  and  hippopotamus, 
are  frequently  found  in  diluvial  beds  in  Enslaiid^  nd 
in  the  Crag ;  see  Chap.  XVIIL  Those  oTthe  mas- 
todon are  very  rare.  A  tooth  of  one  species  of  mas- 
todon found  in  Europe  is  represented  in  p.  378.  The 
teeth  most  commonly  found  in  diluvial  beds  are  those 
in  the  annexed  cuts.  The  tusks  of  the  elephant  are 
sometimes  Ibund  entire ;  those  of  the  rhinoceros  and 
hippopotamus  are  also  occasionally  discovered. 


The  first  figure  represents  the  pointed  tooth  of  the 
mastodon ;  the  other  the  flat  crowned  tooth  of  the 
elephant,  which  is  sometimes  larger  than  that  of 
the  mastodon. 

The  following  cut  represents  the  molar  tooth  of 
the  rhuioceros,  a,  from  Kirkdale  cavern  ^  &  is  Uie 

*  The  nnimnls  that  form  oonil  roofs  arc  rcpro'^rnt*  d  in  Buck- 
laiui  B.  T.  vol.  2..  pi  51-;  sec  al»o  his  Obhcrvatiuiis,  ]>p.  44'i  to 
449,  voL  1. 
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molar  tooth  of  the  hippopotamus,  much  worn,  from 
the  same  locality.* 


The  fossil  elepluiut,  or  niannnoth,  is  the  mohl  rc- 
inai  kahle  of  the  ancient  hcrhi\  orons  quadrupeds,  both 
from  its  vast  size,  and  the  amazing  number  of  bones 
of  this  genus,  which  are  found  in  the  northern  parts 
of  Europe,  and  in  America.  The  mammoth  must 
have  existed  in  herds  of  hundreds  and  thousands. 
According  to  Pallas^  there  is  scarcely  a  river,  from 
the  Don  or  the  Tanais*  to  the  extremity  of  the  pro- 
montor)'  Tchuskoinosay  in  the  banks  of  which  the 
bones  of  the  mammoth  are  not  abundant.  There 
are  two  large  islands  near  the  mouth  of  the  river 
Indigerska,  which  are  said  to  be  eniirelv  composed  of 
the  bones  of  the  mammoth,  intermixed  with  ice  and 
sand  :  the  tusks  are  so  perfect,  that  they  are  dug  out 
for  ivory.  With  the  bones  of  the  mammoth  are  in- 
termixed those  of  the  elk,  the  rliinoceros,  and  otiier 
large  quadrupeds.  The  body  of  a  fossil  elephant  has 
been  found  entire,  witli  the  flesh  ])rescrved,  burieil  in 
ice  :  it  had  a  mane  alont!;  its  baek,  and  was  eovered 
wit))  coarse  red  wool,  proteclcd  by  hair  of  a  coarser 
kind,  indicating  that  it  was  an  inhabitant  of  cold  or 
temperate  cUmates ;  indeed,  the  circumstance  of  the 
body  being  preserved  in  ice,  is  a  further  proof  of 

*  Many  of  the  bouctt  of  extinct  species  touiul  iii  diluvium,  appear 
to  be  of  the  same  epoch  as  those  of  similar  aDimab  in  caverns,  and 
some  of  the  tertiary  beds. 
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this  ;  for  had  it  been  conveyed  from  distant  regions, 
the  flesh  must  have  been  speedily  decomposed, 
before  it  could  have  been  enveloped  in  ice.  TIk' 
height  of  this  animal  was  from  fifteen  to  eiixhteen 
I'eet-  Bones  and  teeth  of  the  mammoth  are  not 
unfiequently  found  in  England,  in  beds  of  diluvial 
gravel  and  ciavi  and  in  caverns ;  they  are  chietiy 
found  in  low  situations,  such  as  the  vale  of  the 
Thames^  and  tlie  vale  of  tlie  Severn.  The  mammoth 
bears  a  near  resemblance  to  the  Indian  el^hant»  but 
Cuvier  regards  it  as  a  distinct  species. 

The  ibinoceros»  of  which  there  are  three  laige 
spedesy  and  one  smaller,  appears  to  have  lived  with 
toe  fijssil  elephant :  their  bones  are  found  together ; 
but  it  is  in  Siberia  that  the  bones  of  the  rhitioceros 
are  most  numerous,  and  best  preserved.  In  the  year 
177 1»  the  entire  body  of  one  of  these  animals  was 
found  in  the  frozen  s;uuls  of  that  coimtry. 

Bones  and  teeth  of  the  hippopotanuis  are  found 
both  in  England,  France,  Germany,  and  Italy :  tliere 
are  two  species  ;  the  largest  resembles  the  African 
hi{)po[)otamus,  the  smaller  is  the  size  of  the  wild 
boar.  Bones  and  teeth  of  the  large  animal,  called  the 
mastodon,  are  found  both  in  Europe  and  America. 
The  great  mastodon  had  pointed  grinders  ;  it  was  a 
native  of  North  America,  and  equalled  in  size  the 
elephant,  which,  in  many  particulars,  it  resemUed* 
Entire  skeletons  of  the  mastodon  have  been  found  in 
salt  marshes ;  but  what  is  more  extraordinaiy,  parts 
of  the  flesh  and  the  stomach  have  been  found  widi 
them.  Among  the  vegetable  substances  in  the  sto- 
inacli,  were  distinguished  the  remains  of  some  plants 
known  ui  A'irginia.  The  Indians  believe  that  this 
animal  is  still  living  north  of  the  Missouri,  and  the 
above  circumstances  render  it  probable,  that  tliis 
species  of  mastodon  has  not  been  long  extinct.  Bones 
of  other  species  of  the  mastodon  are  found  in  Europe 
and  South  America ;  these  are  probably  more  ancient 
Teeth  of  a  gigantic  species  of  tapir  have  been  found 
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in  France  and  Germany :  the  bones  of  horses  are  also 
found  in  great  abundance,  with  the  bones  of  the 
above-mentioned  animals.  Bones  and  horns  of  the 
elk,  the  stag,  and  of  various  species  of  deer,  and  c£ 
oxen,  some  of  which  closely  resemble  existing  species, 
are  often  intermixed  with  the  bones  of  elephants*  and 
other  ancient  animals.  Witli  these  animal  remains, 
are  also  found  the  bones  of  carnivorous  animals  of  the 
size  of  the  lion,  the  tiger,  and  the  hyena ;  the  bones 
oC  bears  are  numerous,  particularly  ui  caverns. 

The  number  of  bones  belonging  both  to  the  order 
of  pachydermata,  and  of  ruminant,  and  carnivorous 
quadrupeds,  is  so  great  in  various  parts  of  Europe,  as 
to  leave  no  doubt  that  the  animals  were  inhabitants 
of  northern  or  temperate  climates.  In  America  iiave 
been  found  the  bones  of  two  large  animals  of  exti'a- 
ordinary  form.  The  megatherium  is  the  size  of  the 
riiinoceros ;  it  unites  part  of  the  structure  of  the 
armadillo  with  that  of  the  sloth  ;  its  claws  are  of  vast 
length  and  size.  The  megalonix  was  nearly  similar 
in  form,  but  smaller.  For  a  description  of  tlie  struc- 
ture of  the  m^therium  see  Buckland's  B.  T.  vol.  1. 
and  the  plates  5  and  6,  voL  12. 

Bones  of  the  camel  have  been  occasionally  found 
in  some  parts  of  £urope,  but  they  are  of  rare  oc- 
currence. For  a  knowledge  of  nearly  all  the  above 
species  of  fossil  mammiferous  quadrupeds,  we  are  in- 
oebted  to  the  researches  of  Cuvier.  "  Their  bones," 
he  observes,  **  are  found  in  that  mass  of  earth,  sand, 
and  iiuid,  that  diluvium  wliicli  covers  our  large  plains, 
fills  our  caverns,  and  chokes  up  the  fissures  in  many 
of  our  rocks.  They  incontestably  formed  the  popu- 
lation of  the  continents,  at  the  epoch  of  the  gi  t  at 
catastrophe  which  has  destroyed  their  races,  and  has 
pre])ared  the  soil  on  which  the  animals  of  the  present 
day  subsist.  Whatever  resemblance  certain  of  these 
species  bear  to  those  of  existing  species,  the  general 
mass  of  this  population  had  a  different  character ;  the 
greater  part  of  the  races  which  composed  it  have  been 
utterly  destroyed.  Among  all  these  mammiferous 
animals,  the  greater  number  of  which  have  their  con- 
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^eners  living  at  the  present  day,  there  has  not  been 
found  a  single  bone  or  tooth  of  any  species  of  ape  or 
monkey.*  Nor  is  there  any  trace  of  man  :  all  tiie 
human  bones  which  have  been  found,  along  ^vith 
those  of  which  w^c  have  been  speakinc:,  have  occurred 
accidentally ;  and  their  number,  besides,  is  exceedingly 
small,  which  assuredly  would  not  have  been  the  case, 
if  men  had  been  then  settled  in  the  countries  which 
these  animals  inhabited."  t 

The  animals  whose  bones  are  found  in  peat  bogs 
and  marshes  may,  I  conceive^  be  referred  with  mnch 
probability  to  a  more  recent  epoch,  than  that  in 
which  the  diluvial  beds  were  dqmited.  Skeletons, 
both  o{  the  Irish  elk  and  the  great  American  mas- 
todon, have  been  found  erect  in  peat  bogs  and 
marshes,  which  prove  that  the  surfiice  of  the  ground 
has  undergone  little  change  since  the  animals  pe- 
rished. The  further  circumstance  of  the  flesh  and 
stomach  of  the  mastodon  being  found  near  the  sur- 
face, not  protected,  like  the  bodies  of  the  elephant 
and  rhinoceros  found  in  Siberia,  by  ice,  seems  opposed 
to  tlie  general  behel"  in  tiie  high  antiquity  of  these 
animal  remains,  and  it  is  admitted  by  Cuvier,  that 
they  are  in  better  preservation  than  any  other  fossil 
bones.  The  quadrupeds  whose  bones  are  buried  in 
beds  of  clay»  sand,  or  gravel,  or  accumulated  in 
caverns,  undoubtedly  lived  in  a  veiy  remote  period, 
and  under  a  different  condition  of  our  j^net  to  the 
present  one.  The  northern  parts  of  Europe  seem 
now  incapable  of  supporting  the  immense  number  of 
elephants,  which  have  formerly  spread  over  all  the 
valleys  bordering  the  Frozen  Ocean.  Were  we  to 
admit  that  the  temperature  of  the  earth  was  then 
higher  than  at  present^  which  the  remains  of  pahns 

*  A  single  exceptioii  to  this  statement  has  reoentty  been  dii* 

covered  in  tertiary  freshivater  strata  in  the  south  of  Franoe.  At 
the  base  of  the  Pyrenees,  amidst  a  prodigious  luiniber  of  the  bones 
of  fossil  manunalia,  was  found  tlie  lower  jaw  of  an  ape,  belongiog 
to  an  individual  about  30  inches  high. 

f  For  an  account  of  human  bones  found  in  caverns  mixed  witii 
the  bones  of  extinct  species,  see  the  preceding  chapter. 
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and  other  tropical  plants  found  in  northern  latitudes 
render  iiighly  probable,  this  would  not  remove  the 
difficulty  y  for  the  fact  that  eiitire  bodies  of  elephants 
have  been  preserved  in  ice,  and  that  their  skins  were 
covered  with  a  thick  coat  of  wool  and  hair,  proves 
that  these  animals  were  constituted  for  living  in  cold 
climates,  and  that  their  remains  have  not  been  trans- 
ported to  any  great  distance  from  the  countries 
which  they  inhabited.* 

The  remains  of  these  large  Quadrupeds  occur  in 
different  states  of  preservation*  In  the  frozen  regions 
of  the  north  the  ivory  of  the  tusks  is  perfect  In 
beds  of  day,  the  bones  and  teetli  are  frequently  im- 
pregnated with  mineral  matter ;  but  in  gravel,  they 
are  generally  in  a  loose  or  friable  state,  or  at  least 
tliey  soon  become  so,  after  exposure  to  the  air.  In 
the  Phil,  Journal  of  Edinburgh,  January,  18^28,  an 
account  is  given  of  numerous  bones  of  the  mastodon, 
rhinoceros,  and  otlier  animals,  having  .been  found  on 
the  surface  of  the  ground,  near  Irrawady  River,  in 
Ava.  Tliese  bones,  though  exposed  to  the  atmo- 
sphere, are  stated  to  be  extremely  hard ;  they  were 
mixed  with  silicified  wood,  in  a  deposition  of  sand  or 
gravel.  With  the  remains  of  the  broad-toothed 
mastodon,  were  also  found  teeth  of  a  new  species  of 
mastodon  of  enormous  size,  which  appears  to  be  in- 
termediate in  form,  between  tliat  of  the  elephant  and 
of  the  mastodon :  it  has  hence  received  the  name  of 
nuuiodan  dephantotdes.  Specimens  of  these  teedi 
are  in  the  museum  of  the  Geological  Society,  in 
London. 

Many  interesting  discoveries  of  new  iorms  of 
organised  beings  will  probably  be  made  among 
the  fossil  remains  in  Asia.  The  skeleton  of  a 
very  extraordinary  mammalian  animal,  as  large  as 
the  rhinoceros,  has  lately  been  found  by  Captain 

•  A  friend  lias  suggested,  that  the  Siberian  clepliants  were 
probably  migratorvy  and  passed  the  winter  months  in  more  tem- 
perate latitudes.  If  this  were  the  case,  indrnduali  tliat  from  lame- 
neu  or  disease  were  unable  to  travel)  may  have  been  inerasled 
with  ioe  immediately  after  death. 
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Bentley,  in  the  Sivalic  or  Sub  HimmalaN'an  ran^^e 
of  hills,  and  hence  has  been  denominated  tlje 
sivatherium.  It  had  bonis  and  a  trunk,  uniting  in 
some  degree  the  characters  of  ruminant  animals  like 
the  ox,  and  those  of  the  order  pachydemata,  like  die 
elephant  and  tapir.  Remains  of  the  mastodon,  the 
elephant,  and  the  hippopotamus,  with  those  of  rumi- 
nant animals,  were  found  with  those  of  the  sivatlierium. 

The  remains  of  the  gigantic  tapir,  said  to  have 
been  found  in  France  and  Germany,  are  now  sup- 
posed to  belong  to  a  remarkable  animal  called  the 
dinofheriurn,  the  largest  of  terrestrial  mammalia.  The 
annexed  cut  represents  the  crown  of  the  tooth  of 
this  animal,  of  the  natural  size  ;  it  is  described  by  Baron 
Cuvier  in  the  second  volume  of  his  Ossementsjbssiles, 
under  the  head  of  the  Gigantic  Tapir,  and  mentioned 
as  being  in  my  possession.  It  was  found  with  other 
mammalian  remains  near  Grenoble.  From  the  hard- 
ness and  brilliance  of  the  enamel,  it  appears  as  fresli 
as  if  recent,  and  is  the  most  perfect  fossil  tooth  I  have 
ever  seen. 
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CHAP.  XXIII. 

ON  THE  ELEVATION  OF  MOUNTAINS  AND 

CONTINENTS. 


The  Elevation  of  the  Beds  of  Granite  and  Slate  in  England  proved 
br  the  Author^  in  I883»  to  have  taken  pfause  at  a  much  eariier 
Epoch,  than  the  Elevation  of  the  Granite  of  Mont  Blanc 
—  The  Facts  on  which  this  Conclusion  was  founded  described 
and  explained.  —  Application  of  similar  Conclusions  to  otiier 
Mountain  Ranges  by  M.  Elie  de  Beaumont. —  The  elevation  of 
Continents  probably  effected  by  a  distinct  Cause  from  that  which 
^▼ated  Mountain  Ranges. —  Axis  of  Elevation  in  Mountain 
Ranges. — Imtaneea  off  the  Elevation  and  Suhmeigenoe  of  tlie 
Earth's  Sarfhee  in  varioui  Fkurta  of  the  Woiid. 

That  granite,  or  some  modification  of  granite,  forms 
the  foundation  rock  of  the  present  continents,  is 
admitted  by  geologists.  It  is  also  ascertained,  that 
specimens  of  granite,  gneiss,  and  mica-slate,  from  the 
most  distant  parts  of  the  globe,  a])pear  to  be  identical. 
It  is,  therefore,  probable  that  the  crust  of  granite 
which  environs  the  globe,  was  formed  or  consohdated 
at  the  same  epoch*  though  local  protrusions  of  granite 
have  taken  place  at  much  later  epochs. 

If  granite  be  the  lowest  and  roost  extensive  form- 
ation of  known  rocks,  yet,  in  many  countries,  it  is 
raised  in  immense  ridges,  forming  the  basis  of  moun- 
tain ranges :  sometimes  the  beds  of  granite  are  neariy 
vertical*  and  constitute  the  summit  as  well  as  tfaie 
central  base  of  mountains.  An  inquiry  suggests  it^ 
self ;  was  the  elevation  of  these  mountain  ranges 
co-Lemporaneous  in  different  countries  ?  The  fol- 
lowers of  Werner  maintained,  that  granite  mountains 
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were  crvstalUne  iiKisses,  precipitated  in  a  uiiivorsai 
ocean,  impregnated  with  mineral  matter ;  and  that 
their  eli'vation  was  coeval  with  their  origin.     In  the 
year  1819,  M.  Daubuisson,  published  his  Tratte  de 
Q6ognosiet  in  which,  following  the  steps  of  Werner 
on  most  points,  he  asserted,  that  the  granite  of  the 
Alps,  attained  its  present  elevation  soon  after  the 
epoch  of  its  formation.    In  the  yean  18^  18^1, 
and  18dS,  I  had  frequent  opportunities  of  asomain- 
lug  that  the  beds  of  granite  were  not  elevated,  till 
after  the  deposition  or  the  calcareous  beds  that  rest 
upon  them.  I  farther  ascertained,  that  many  of  these 
eaU  . neons  beds  were  identical  with  the  upper  se- 
condary strata  in  England  ;  hence  it  Ibllowed,  thai 
the  granite  beds  in  the  Alps  were  not  elevated  till  a 
late  geological  e})ocli,  alter  the  deposition  of  the  oohte> 
and  chalk.    This  discovery  I  pubHshed  in  IS 23,  in 
my  Travels  in  \  W  Tarantaise,  vol.  ii.  p]).  17»  18  ;  arid 
I  there  distinctly  stated,  that  tJic  elevation  of  Uie 
granite  of' the  Alps,  was  more  recent^  than  the  eleva- 
lion  of  the  beiU  of  granite  and  date  in  England. 
Neitlier  the  imj)ortance  of  the  discovery,  nor  its  now 
generally  admitted  truth,  have  obtained  for  it  the 
attention  which  I  think  it  was  justly  entitled  to^  and 
which  it  would  certainly  have  received,  had  it  been 
announced  by  any  tyro  in  geology,  either  in  France 
or  Germany.  At  pages  S5d  and  ^7  of  the  present 
volume  will  be  found  a  brief  account  of  this  disco- 
very, which  was  also  republished  in  1828;  but  it  may 
be  })ropcr  to  give  a  more  full  reference  to  the  sections 
by  which  the  disc  o\  t  ry  was  illustrated,  as  they  serve^ 
not  only  to  explain  from  what  data  the  relative  age  of 
the  elevation  of  diU'tMvnt  mountain  chains  mav  be 
ascertained,  but  to  show  that  M.  Elie  de  Beaumont 
has  been  guided  by  exactly  the  same  data,  in  forming 
his  recent  conclusions,  respecting  the  ages  of  mountain 
chains  in  various  parts  of  Europe. 

The  facts  that  determine  the  geological  a^  of  the 
elevation  of  motmtain  ranges,  are  the  following : — 

l^.  y  a  series  of  strata  of  difi^eni  ages  rise 
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together  conforniahlj/  or  nearh/  at  tlie  same  angle,  the 
epoch  or  period  of  their  elevation  was  subsequent  to  the 
deposition  of  the  most  recent  or  outermost  beds. 

Thus  in  the  section  PI.  II.  %•  ^ddd,  the  higlily 
inclined  beds  of  granite,  and  primary  rocks  on  Mont 
Blanc  and  its  vicinity,  are  covered  on  their  flanks  with 
the  secondary  formatioDS,  c  c,  6  a  6,  rising  at  nearly 
the  dame  angle,  and  as  these  secondary  fbrmatioiis  are 
similar  to  toe  lias,  oolites,  and  green  sand,  of  the 
strata,  we  may  safely  infer,  that  the  elevation  did  not 
take  place,  till  atici  ilie  deposition  of  the  outermost 
bed  a,  which  is  siniilar  to  tlie  green  sand  of  the  chalk 
formation. 

'2</.  If  elevafed  beds  of  ancient  granitic  formations^ 
are  partly  covered  wit  It  near  It/  horizontal  beds  of 
secondary  or  more  recent  strafa,  the  elevation  ^  the 
beds  of  granite,  Sfc.  took  place  at  an  epoch  prior  to 
the  JormaOonof  the  beds  which  rest  unconfmmahltf  on 
ihe  ancient  rocks. 

The  section  of  Chamwood  Forest,  PL  II.  ^s,  4t, 
offers  an  illustration  of  the  latter  case.  The  becb  of 
granite  and  slate  rocks,  £5  and  cc,  that  rise  at  an  highly 
inclined  angle,  are  covered  by  horizontal  secondaiy 
beds  of  new  red  sandstone,  a  a  a:  hence  we  are  cer^ 
tain,  that  the  elevation  of  the  lower  or  more  ancient 
beds,  took  place  at  an  earlier  epoch  than  the  depo- 
sition of  the  beds  a  a. 

Now  if  we  admit,  that  similar  secondary  formations 
in  different  parts  of  Europe,  were  deposited  at  the 
same  epoch,  we  must  admit  also,  that  the  elevation  of 
the  beds  of  slate  and  granite  in  Clianiwood  Forest, 
was  long  prior  to  the  elevation  of  the  granite  of  Mont 
Blanc*  Or,  in  other  words,  the  beds  of  granite  at 
Chamwood,  were  tilted  u})  before  the  formation  of  the 
new  red  sandstone  y  but  the  beds  of  granite  in  Mont 
Kane  were  not  elevated  before  the  deposition  of  the 
green  sand.  • 

It  would  scarcely  be  possible  within  the  limits 
allowed  for  the  subject  in  the  present  volume,  to  give 
a  more  clear  and  concise  account  of  M.  Elie  de 
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Beaumont's  views,  than  by  quoting  Professor  Sedg- 
wick's snmmarv,  in  his  able  and  truly  eloquent  address 
to  the  Geological  Society  in  1831.  After  which, 
1  shall  notice  some  corrections  M.  £lie  de  BeauoKXit 
has  since  found  necessary  to  iDtioduce. 

**  By  an  incredible  number  of  well-conducted 
obiervalions  of  his  own,  combined  with  the  best 
attested  fiicts  recorded  by  other  observefSy  M.  £lie  de 
Beaumont  has  proved^  that  whole  mountain  chains 
have  been  elevated  at  one  geological  period,— that 
great  physical  regions  have  parteken  of  the  same 
movement  at  the  same  time,  —  and  that  these 
paroxysms  of  elevatory  force,  have  come  into  action 
at  many  successive  periods. 

**  Step  by  step  we  have  been  advancing  towards 
the  conchision,  —  that  different  mountain  chains  had 
been  elevated  at  several  distinct  geological  periods; 
and  by  a  long  series  of  independent  observations, 
Humboldt,  Von  Buch,  and  other  great  physical  geo- 

Saphersy  had  proved, — that  the  mountain  chains  of 
urope  might  be  separated  into  three  or  four  distinct 
systems ;  distinguished  from  each  other  (if  I  may  so 
express  myself)  by  a  particular  physiognomy,  and 
above  all,  by  the  difierent  angles  made  by  m  bear- 
ings of  their  component  finmations,  with  any  assumed 
meridian.  All  the  subordinate  parts  of  any  one  system 
were  shown  to  be  parallel ;  while  the  different  systems 
{mountain  ranges)  were  inclined  at  varioub  angles  to 
each  other. 

**  By  an  nnlookeil  lor  and  most  felicitous  generalis- 
ation, iVL  Elie  de  Beaumont  has  now  proved,  that  these 
two  great  classes  of  facts  are  coniniensuratt"  to  ench 
other;  and  that  each  of  these  great  s)stonis  of  moun- 
tain chains,  marked  on  the  map  of  Europe  by  given 
parallel  lines  of  direction,  has  also  a  given  period  erf* 
devatiofi,  limited  and  defined  by  direct  geological 
observations.*' 

Professor  Sedgwick  then  describes  four  of  these 
8]^stems  or  mountain  chains*  **  The  first  includes  the 
higher  elevations  in  eastern  France,  of  the  C6te  d*Or» 
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and  Mount  Pilas,  and  a  portion  of  the  Jura  chain ; 
it  may  also  be  traced  in  the  chain  of  the  Erzgebii^ 
between  Bohemia  and  Saxony.  This  system  or  moun* 
tain  chain»  never  rises  into  mountains  of  the  tint  orders 
but  is  marked  throughout  by  manv  longitudimd  ridges 
and  furrows,  ranging  nearly  parallel  to  each  other,  in 
a  direction  about  ncrai-east  and  soQth*west   It  will 
appear  that  this  chain  has  been  elevated,  after  ihe 
deposition  of  the  oolitic  series,  but  before  that  ot  the 
chalk  formation,  for  the  lower  secondary  formations, 
comprising  the  oolites,  wherever  they  appear,  are 
elevated  in  broken  or  contorted  strata,  yet  tliey  pre- 
serve a  paralleHsm  in  the  general  direction  of  the 
ridges.    On  tlie  contrary,  wJierever  beds  analogous 
to  chalk  or  green  sand  occur,  they  are  found  at  a  dead 
level,  and  expand  in  horizontal  planes  into  the  neigh- 
bo!]!  ing  mountains,  like  the  sea  at  the  base  of  a  loft^ 
cliff ;  or  if  they  have  undei]gone  any  movement,  it  is 
shown  to  have  no  rdatlon  to  the  b^ing  of  the  older 
ridges,  and  to  have  been  produced  at  a  later  period. 
Hence  it  follows  that  the  action  of  elevation  was  vio- 
lent, and  of  short  continuance,  for  the  inclined  strata 
are  shattered  and  contorted,  and  between  them  and 
the  liorizontal  strata,  there  is  no  intermediate  grada- 
tion of  deposits :  it  farther  proves,  that  the  period 
of  elevation,  wiis  followed  by  an  immediate  change,in 
many  of  the  forms  of  organic  life." 

The  next  great  system  includes  the  whole  chain 
of  the  Pyrenees, — the  northern  Apennines, — the 
calcareous  chains  to  the  north-east  of  the  Adriatic, — 
nearly  the  whole  of  the  Carpathian  chain,  and  it 
extends  tiience  through  the  Hartz  mountains,  to  ihe 
plains  of  northern  Germany.  Through  the  whole  of 
these  vast  regions,  the  main  bearings  of  the  beds 
range  about  west-north-west  and  east-south-east. 
This  system  was  elevated  at  a  later  period  than  the 
former,  and  not  till  the  chalk  and  green  sand  had  been 
deposited,  for  the  strata  of  these  formations,  are  every 
where  ruptured  and  contorted,  and  oflen  lifted  iij) 
to  the  very  pinnacles  of  the  mountains :  whereas,  when 
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any  of  the  tertiarv  strata  a])]>roacli  tiiese  ranges,  they 
arc  stated  to  be  in  a  position  nearly  horizontal,  as  the 
fiurtace  of  the  waters  in  which  they  were  deposited, 
unless  disturbed  by  local  causes*  Hence,  it  is  inferred, 
that  the  great  parallel  ridges  and  chains  of  tliis 
second  system  were  suddenly  and  violently  elevated^ 
at  a  period  between  the  deposition  of  the  chalk,  and 
the  commencement  of  the  tertiary  groups.  The  cor- 
responding change  in  organic  remains,  is  still  mofe 
striking  than  in  the  former  system.** 

•*  The  third  system  embraces  a  great  number  of 
parallel  ranges,  bearing  about  north-north-east,  and 
west-south-west  *,  it  inchides  tlie  whole  western  Alps, 
from  the  neighbourhood  of  Marseilles,  to  the  volcanic 
ridges  near  tiie  lake  of  Constance.  It  is  attempted 
to  he  proved,  tliat  all  tJiese  parallel  ranges  in  tiie 
western  Alps,  had  their  origin  afler  the  tertiary 
molasse,  a  deposit  ]^artaking  of  all  the  elevations 
and  contortions  of  the  older  strata ;  that  the  eleratoiy 
movements  were  sudden  and  violent,  and  commenced 
at  a  time  when  tribes  of  mammalia  flourished  in  many 
parts  of  Europe ;  and  that  these  movements  were 
immediately  succeeded  by  great  horizontal  deposits 
of  old  diluvial  gravel  at  the  base  of  the  western  Alps, 
ami  probably,  also,  by  that  vast  ofFshot  of  ScandinaMan 
rocks,  whicli  lie  scattered  over  the  plains  of  G  ermany.*' 

**  The  fourth  system  embraces  several  considerable 
chains  in  Provence,  and  nearlv  the  whole  chain  of  the 
eastern  Alps,  from  the  great  Hexure,  in  the  region  of 
Mont  Blanc,  to  the  Alps  of  the  states  of  Austria, 
The  range  extends  E.N.E.  and  W.S.W.  M.  Elic 
de  Beaumont  appears  to  have  proved,  that  there  are 
two  distinct  deposits  of  diluvial  gravel,  near  a  portion 
of  the  western  Alps :  that  the  colossal  mass  ot  Mont 
Blanc,  and  at  least  a  considerable  portion  of  the 
eastern  Alps,  were  elevated  after  the  deposit  of  the 
older  diluvium ;  and  that  all  the  newer  dilut^ium, 
including  the  granite  blocks  scattered  over  .Savoy, 
rolled  olT  from  the  regions  of  the  higher  Alps, 
iuring  this  last  period  of  their  elevation.  Therg 
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are  six  other  siipj)osed  periods  of  elevation.  If  tlicse 
generalisations  be  true,  and  they  seem  to  be  based 
on  an  innnovable  mass  of  evidence,  we  must  con- 
dude,  tliat  there  have  been,  in  the  history  of  the 
earth,  long  periods  of  comparative  repose,  during 
which  the  sedimentary  deposits  went  on  in  regular 
continuity ;  and  short  periods  of  comparative  violence 
and  revolution,  during  which  that  continuity  was 
hpcdcen  ^  and  if  we  admit  that  the  hi^er  regions  of 
the  globe  have  been  raised  from  the  sea  by  any  modi- 
fication of  volcanic  force,  we  must  then  also  admit, 
that  there  have  been  several  success! \e  periods  of 
extraordinary  volcanic  energy.  Mow  we  are  to 
escape  from  this  conclusion  1  am  unable  to  compre- 
hend, unless  we  shut  out  tlie  evidence  of  our  senses," 

**  That  tJie  system  of  M.  KUede Beaumont  is  directly 
opposed  to  a  fundamental  principle  of  Mr.  Lyell, 
cannot  admit  of  doubt ;  and  I  have  decided  in  favour 
of  the  former  author,  because  his  conclusions  are  not 
based  upon  any  d  pruni  reasoning,  but  on  the  evidence 

of  fiW5tS."* 

If  we  admit  that  the  primary,  the  transition,  the 
secondary,  and  the  tertiai^  classes  of  rock,  were 

formed  at  diflferent  successive  epochs,  and  that  the 
lower  beds  in  each  of  these  classes,  are  more  ancient 
than  the  beds  which  rest  upon  them,  it  follows,  a.s  a 
necessary  consequence,  that  the  elevation  of  any  of 
these  rocks  must  be  dated  from  a  later  epoch  than 
the  period  of  their  formation.  Tlie  elevation  of  a 
range  of  primary  or  transition  mountains,  if  they  are 
not  covered  by  any  secondary  or  tertiary  formations, 
may  indeed  be  dat>ed  either  from  an  epoch  coeval  with 
their  consolidation,  or  from  any  subsequent  qx>cb ; 
but  if  they  are  purtly  covered  by  secondary  or  tertiary 

♦  Thougli  I  agree  with  Profe:»sor  Sedgwick  and  M.  Elie  de 
Beaumont,  tliai  the  elevation  of  mountain  ranges,  wliere  the  bedd 
•le  newly  T«rlieal>  was  effected  by  ft  sudden  and  Tiolent  upheaving, 
yet  1  am  persuaded,  that  the  elevation  of  contiiientA,  or  extensive 
tracts  of  oonntry,  was  (as  Mr.  Lyell  maintains)  a  long  continued 
process.  It  may  bo  proved  tliat  these  operations  were  duitioct  from 
each  olheT)  as  I  shall  atterwarcb  strur. 

O  O  J?  ✓ 
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beds  which  are  tilted  up  with  them,  we  have  direct 
evidence  that  the  date  of  their  elevation,  was  posterior 
to  tlie  secondary  or  tertiary  epoch.  So  far  we  may 
advance  on  secure  ground  ;  but  when  we  infer,  that 
mountains  which  nuoge  in  the  sune  diiectioD  were  all 
elevated  at  tlie  same  time,  we  wander  into  the  region 
of  hypothesis.  It  is  by  no  means  certain  that  tiie 
elevation  of  the  out^  ranges  of  the  Alps  was  contem- 
poraneous with  that  of  the  principal  range*  In  rm» 
ous  parts  of  Savoy,  I  observed  tnit  the  mountains  at 
a  cortain  distance  fitmi  the  centnd  range,  had  their 
escarpments  turned  in  a  different  direction,  and  fre- 
quently took  the  arched  form  erf  stratification,  as 
represented  Plate  II.  fig.  2,  y. 

Indeed,  M.  Klie  de  Beaumont  has  himself  been 
obliged  to  modify  his  generalisations  considerably,  as 
will  a])ponr  from  the  following  extract  from  the 
Bulletin  de  la  Society  G^ologique  de  France,  M. 
Keboul,  in  a  memoir  on  the  structure  of  the  Pyrenees, 
read  to  the  society  in  December*  1831,  states*  that 
several  distinct  axes  of  elevation  may  be  observed  in 
different  parts  of  these  extensive  mountain  ranges* 
inclined  in  diflerent  directions  to  each  other,  and  that 
the  lines  of  bearing  of  the  strata*  are  also  diflerent  in 
each.  There  are,  he  observes,  indications  in  die 
Pyrenees,  of  the  elevation  of  rocks  at  different  epochs, 
both  before  and  afler  the  most  recent  secondary 
depositions,  that  rise  to  the  summit  of  Mont  Perdu. 
He  also  states  instances  of  the  tertiary  beds  of  molasse, 
being  elevated  near  the  central  range  of  the  Pyrenees, 
wliereas  in  the  Alps,  they  only  occupy  tlie  central 
parts  of  the  range,  which  would  imply  that  the  period 
of  elevation  of  that  part  of  the  Pyrenees*  was  mose 
recent  than  that  of  the  Alns.  It  appears  however, 
in  the  same  report*  that  M.  £lie  de  Beaumont  now 
admits  four  epochs  of  elevation  in  the  Pvrenees :  the 
most  ancient  immediatdy  succeeded  the  formatioo 
of  die  transition  rocks.  The  second  took  phce 
between  the  deposition  of  the  green  sand,  ana  that 
of  tilt  upper  chalk.    The  third  epoch  of  elevation  was 
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posterior  to  the  chalk  formation.  The  fourth,  which 
gave  birth  to  the  serpentiaes  (fiphUes),  and  to  the 
gypeiini  with  rock  «ut»  is  more  recent  than  the 
temry  epocb.^ 

M.  Beaumont  however  coiitendB»  thet  notwith- 
itaiiding  the  four  diAerent  directkNift  of  the  r^^es 
in  the  rytenees,  of  which  traces  may  be  ofaserred  in 
several  of  the  valleys,  the  great  chain  of  the  Pj^nees, 
owes  its  actual  elevation  and  general  direction,  to  the 
third  system  or  epoch  of  elevation,  which  was  posterior 
to  the  chalk  formation  ;  the  two  former  epochs  of 
elevation,  discoverable  in  this  chain,  having  been 
modified  by  the  great  elevation  of  this  third  epoch. 
The  fourth  epoch  of  elevation  is  only  perceivable,  in 
the  localities  where  serpentine  rocks  appear. 

I  wish  to  press  upon  the  attention  of  geologists 
the  consideration,  that  the  arched  stratification  implies 
a  very  timited  extent  of  operation.  Where  it  is  con- 
fined to  one  mountain,  as  at  Cricli  Cliff,  (see  the  cut 
p.  140.)  the  devatmg  force  may  be  said  to  act  at  one 
pcmut  Where  the  anmed  stratification  extends  through 
a  range,  it  may  be  said  to  act  along  narrow  lines, 
forming  mountain  ridges,  with  valleys  between  them. 
From  what  1  observed  in  the  Alps,  I  was  convinced 
that  the  explosive  force  wliich  upheaved  Mont  Blanc, 
and  the  central  range  of  the  Alps,  did  not  extend  its 
action  very  far  from  the  axis  of  tlie  ran^e  on  each 
side;  and  that  this  action,  being  confined  within  narrow 
limits,  produced  a  rent  or  line  of  fracture  on  the 
crust  of  tlie  globe,  along  which  the  beds  were  suddenly 
tilted  into  their  present  position  ;  and  that  the  outer 
ranges  were  raised  by  similar  explosions,  acting  aloi^ 
lines  of  fracture  of  greater  or  less  extent   These  up- 

•  The  formation  of  serpentine  (whicli  was  formerly  considered 
§M  m  primary  rook)  whn  the  tertiary  epoch,  will  oease  to  nirprise 
Mologiite,  nnoe  the  identi^r  of  baatlt,  green  stone,  and  tefpentiiie^ 

nas  been  ascertained  by  Dr.  MaccuUoch.  Serpentine,  lilie  basalt 
and  volcanic  rocks,  may  havr  been  formod  among  any  class  of  rocka* 
It  was  stated  in  C  hapter  XII.,  that  some  of  the  rock  salt  deposits  in 
Foland  were  in  tertiary  strata. 


Digitized  by  Google 


ELEVATION   OF  CONTINENTS  A  DIaTJNCT 


heavings,  whetluT  simultaneous  or  successive,  took 
place  under  the  sea,  and  must  have  occasioned  an 
agitation  of  the  water,  far  exceeding  in  violence,  any 
tiling  wliich  modern  causes  present  to  our  observation. 

The  vertical,  or  highly  elevated  pofiitioa  o£  strata, 
tliat  were  originally  horizontal,  implies  the  suddeo 
and  violent  action  of  an  upheaving  force.  In  elevated 
mountain  nmgeSy^  where  the  strata  are  not  bigUy 
inclined  we  may  infer,  that  the  upheaving  force  was 
dow  in  its  operation,  or  acted  on  a  laige  segment  of 
the  earth's  surface. 

I  now  claim  the  attention  of  geologists  to  the 
following  position,  which  admits  of  direct  and  positive 
proof,  though  I  am  not  aware  that  it  has  been  before 
noticed.  'I'he  emergence  of  large  islands  and  conti- 
neiils  liom  the  ocean,  was  not  etiected  by  the  same 
operation  as  that  which  tilted  up  the  beds  of  primary 
rocks  in  many  mountain  ranges.  The  lower  or  pri- 
mary rocks,  alter  they  were  tilted  up,  were  still 
beneath  the  level  of  the  ocean,  when  they  were 
covered  by  the  secondary  strata  unconformably,  as 
man^  of  these  strata  are  marine  formations.  It  is 
possible,  that  in  some  ranges  the  summits  of  the  ancient 
rocks  might,  after  they  were  tilted  up,  rise  above  the 
level  of  the  sea,  and  form  islands,  but  the  land,  as  we 
now  observe  it,  must  have  been  beneath  the  sea. 

The  section  of  the  Charnwood  range,  Phite  II.,  is 
not  taken  through  the  highest  part.  Beacon  Hill  and 
Bardon  Hill  are  at  least  hve  hundred  feet  higlier  than 
tlie  surface  of  the  red  sandstone  a  a,  and  it  is  prolxible 
that  they  were  once  much  higlier  than  at  present, 
and  tlieir  summits  may  have  risen  above  the  sea,  which 
deposited  the  strata  of  red  sandstone  on  the  lower 
parts  of  the  range. 

Should  any  one  suggest  a  doubt,  whether  tliis 
portion  of  the  new  red  sandstone  was  deposited  under 
the  sea,  it  is  only  necessary  to  say,  tliat  the  same  new 
red  sandstone,  immediately  adjacent  to  the  Cham- 
wood  range,  is  covered  by  beds  of  the  lias  Ibrmation 
(see  e  in  the  same  i)late),  which  abound  in  niaiine 
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(Organic  remains.  The  same  reasoning  will  a])ply  to  all 
Other  situations  in  which  uptilted  transition  or  primary 
Tocks,  are  covered  by  liorizontal  dej)ositions  of  secon- 
darv  strata.  The  elevation  of  the  uptilted  beds,  was 
a  distinct  operation  from  that  which  raised  thcin» 
together  with  the  rocks  that  cover  thetn,  above  the 
ocean,  and  which  converted  the  former  bed  of  the 
sea  into  dry  land. 

I  consider  it  probable  that  all  large  tracts  of 
country  or  continents  emerged  slowly  from  the  ocean, 
forming  at  first  mountainous  islands,  before  tiic  lower 
countries  were  raised  above  the  level  of  the  sea. 
The  power  which  could  upheave  a  continent,  or  in 
other  words  occasion  a  large  portion  of  the  crust  of 
the  globe  to  swell  out,  must  be  \'ery  ditfcri  iit  lioni  the 
force  winch  acted  along  certiiin  lines,  and  elevated 
mountain  ranges.  This  power  may  be  dependent 
on  a  more  general  law  of  subterranean  motion,  with 
which  we  are  at  present  unacquainted.  We  might 
offer  many  instances  in  our  own  island,  in  which  the 
forces  that  have  broken  and  lifted  up  the  strata  along 
certain  lines,  evidently  appear  to  di^  from  the  force 
which  elevated  continents  or  large  islands.  The  ele- 
vating force  that  broke  and  tilted  up  the  chalk  strata, 
along  a  line  extending  east  and  westthrough  the  Isle  of 
^  Wight  into  Dorsetshire,  does  not  appear  to  hav'e  pro- 
duced any  considerable  change  at  a  distance  Irom  the 
line  or  axis  of  elevation. 

In  passing  from  Ahnn  Bay,  where  the  chalk  strata 
are  nearly  vertical,  to  tiie  south  side  of  the  island, 
it  is  truly  extraordinary  to  observe,  how  little  the 
lower  beds  beneath  the  chalk,  and  adjacent  to  it, 
appear  to  have  been  disturbed.  The  force  which 
uptilted  the  strata  is  altogether  distinct  from  that 
mighty  upheaving  force,  which  raised  the  whole 
chalk  hills  in  the  south  of  England  from  the 
ocean,  without  disturbing  the  relative  position  of 
the  strata. 

The  annexed  cut  from  page  "217  may  farther  illus- 
trate the  elevation  of  mountain  ranges. 
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The  lower  fig.  BAB  represents  the  transvene 
tectum  of  a  narrow  mountain  ridge^  elevated  by  some 
upheaving  force  situated  below  C.  The  highest  part 
of  the  ricue  is  the  line  or  axis  of  devation,  called  the 
anticlinal  Uiie,  from  which  the  strata  on  each  side  dip 
in  an  opposite  direction.  In  this  section  the  strau 
are  not  broken,  but  arched  or  sad  die -shaped.  If  the 
upheaving  force  be  concentrated  along  a  narrow  space, 
the  upheaving  may  extend  for  many  miJes  in  length 
without  disturbing  the  beds  situated  at  a  little  di>tance 
from  the  anticlinal  axis.  The  upper  ligure  B  X  B 
may  represent  tlie  transverse  section  of  a  range  twen^ 
miles  in  breadth  and  1500  teet  in  height,  like  the  cen- 
tral range  that  separates  the  Yorkshire  and  Lancashire 
coal-fields.  In  this  section,  unless  there  are  severd 
parallel  lines  or  axes  of  elevation,  we  must  suppose 
that  the  uj^heaving  force  was  seated  lower  and  acted 
with  less  mtensity  in  a  given  time  than  the  force 
which  elevated  the  range  BAB.  In  excavating 
a  tunnel  for  the  Huddersfield  canal  aboia  tour  milcb 
in  length,  wliicli  passes  through  the  mountain  called 
Pule  Moss,  near  the  centre  of  the  range,  the  axis  of 
elevation  at  X  was  cut  tinougli,  from  which  the  strata 
dipped  in  opposite  directions.  The  strata  are  chiefly 
millstone  grit,  but  the  axis  was  a  fissure  filled  with 
large  flattened  spheroidal  balls  of  impure  ferruginous 
limestone.* 

*  See  further  remarks  on  the  elevation  of  tliis  central  nnget 
II.  215  to  p.  218,  Chap.  IX. 
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It  must  be  obvious,  that  the  broadest  mountahi 
ranges,  must  either  have  several  parallel  axes  of  ele- 
vation, or  that  the  upheaving  force  must  be  situated 
deep  under  the  surface.  Elevatory  powers  may  either 
be  limited  like  those  which  have  upraised  the  strata  in 
coal-fields,  or  they  may  be  very  extensive  in  length, 
like  those  which  have  elevated  the  Alps.  Where 
the  length  and  breadth  are  both  extensive,  thej  may 
form  large  islands,  or  large  portions  of  contments. 
It  is,  however,  certain  thid:  ttie  surfiice  of  the  riobe 
has,  in  many  parts,  been  several  times  elevated  diove 
the  ocean,  and  a^in  submerged  under  its  waves  for 
long  periods.  1  he  coal  strata  offer  decisive  proofs  of 
such  changes.  See  Chap.  IX.  The  Portland  strata  and 
the  Wealden  beds  present  evidence  of  submergence 
and  elevation,  which  are  equally  satisfactory.  Chap. 
XIV.  Instances  of  elevation  from  the  ocean  are 
offered  by  all  calcareous  mountains  containing  marine 
organic  remains.  Instances  oi  depression  are  more 
rare.  The  following  account,  if  verified,  is  extremely 
interesting.  M.  Humboldt  in  a  recent  work,  entitled 
Fragmens  Geologiques  mr  fAsie  Centrales  the 
result  of  his  late  travels  into  Asia,  observes,  that 
the  high  part  of  central  Asia,  commonly  called  le 
grand  plaieau,  is  composed  of  four  powerfiil  ranges 
(ff^st^mes)  of  mountains,  directed  east  and  west,  and 
supported  by  a  common  base,  also  raised  above  the 
surrounding  country.  At  the  foot  of  tliis  immense 
system  of  mountain  chains  and  elevated  ground,  is  an 
enormous  depression  of  eighteen  thousand  square 
leagues,  and  from  150  feet  to  SCO  feet  below  the  level 
of  the  ocean.  The  surface  of  the  Caspian  Sea  and 
the  level  of  Astracan  is  300  feet  lower  than  the 
sea,  and  the  course  of  the  Volga  is  150  feet  lower. 
M.  Humboldt  supposes,  that  this  subsidence  was  the 
.  residt  of  the  elevation  of  the  Plateau,  which  supports 
the  Himalaya  and  Irun  mountains,  and  perhaps  thoae 
of*  Caucasus,  an  enormous  mass,  the  devalion  of 
which  can  be  compared  to  no  geological  pheno- 
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men  a  of  the  same  order,  observed  on  the  other  con- 
tuients.* 

Tiie  most  reiiKukable  elevation  of*  the  around  that 
has. been  noticed  in  modern  times,  is  that  which  took 
phice  on  the  coast  of  Chili  near  \  al})araiso  in  the  year 
ISi^i^  when  the  bed  of  the  sea  was  raised  permanently 
above  the  surface,  over  an  extent  of  100  miles  in 
length  :  see  page  103. 

Mrs*  Graham,  who  was  at  Valparaiso  during  the 
numerous  earthquakes  that  succeeded  each  other  irom 
Nov.  19th  to  Dec.  ^th,  describes  very  dearly  the 
attendant  phenomena.  The  granite  on  the  beach  is 
intersected  by  parallel  veins,  filled  witfi  crjrstalHne 
matter.  After  the  earthquake  of  the  19th,  the  whole 
rock  was  Ibiinil  rent  by  sharp  recent  clefts,  very  dis- 
tinguishable from  the  older  ones,  but  running  in  the 
same  direction.  Mrs.  G.  says,  that  when  the  general 
tremor  was  I'elt,  a  sound  of  rushing  vapour  wa^i  heard, 
like  that  which  is  often  heard  on  Vesuvius,  during  an 
eruption.  Cones  of  eartli,  about  four  feet  high, 
covered  the  whole  plain  of  Vina-ada-Mar.  These 
cones  were  formed  by  water  and  sand,  forced  up 
tiirough  funnel-shaped  hollows  beneath  them.  These 
appearances  indicate  the  intense  action  of  pent  up 
vapour.  The  coast  near  Valparaiso  was  raised  from 
three  to  four  feet.  Mrs.  G.  further  states,  I  found 
good  reason  to  believe^  thai  the  coast  had  been  raised 
by  earthquakes  in  a  simUar  manner  at  Jbrmer  periodSf 
several  ancient  lines  of  beach^  consisHrtis  of  shingle 
mixed  with  shells j  extending  in  a  paral/cl  direct  ion 
to  the  shore,  to  the  height  of  fijli^jeet  above  tiie  sea** 

•  Considprablr  c!onl)ts  havp  boen  ox]>rossofl  respecting  tlie  accu- 
racy of  the  barometrical  measurements,  by  which  the  level  oi*  the 
Caspian  Sea  was  determined  to  be  300  feet  below  that  of  the  Bkick 
Sea,  in  1830:  the  governmentof  Russia,  at  the  desire  of  the  aeademj 

of  sciences  at  Petersburgh,  have  now  appointed  three  able  mathe- 
maticians, provided  witli  suitable  levels,  and  other  instruments,  to 
ascertain  the  precise  difterence  of  elevation  between  the  two  seas. 
The  result  ot  their  labours  nuiy  soon  hv  .  xyx  (  (<  J  tn  be  j)ubliihed, 
which  will  determine  with  rertainty  thi>  iniporuiut  inquiry. —Sec 
Jtmrnal  i^ihe  RosfolGeoffraplUeal  Society,  1836,  Vol.  VL,  Fart  11. 
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The  earthquakes  on  the  coast  of  Chili  in  Feb. 
1^35,  nppcar  to  have  been  more  terrific  than  those  of 
and  to  liuve  raised  the  coasts  of  some  of  the 
neighbouring  islands  from  six  to  nine  lieet — See  Chap. 
XIX.  pp.  431.  432. 

The  elevations  of  limited  portions  of  the  earth's 
surfiice,  at  a  distance  from  any  known  volcanic  agency, 
are  not  uncommon.  Ix)ose  stones  or  shingles  of  an 
ancient  sea  beach,  are  found  at  heights  considerably 
above  the  present  level  of  the  sea,  in  many  parts  of 
EiM^land. 

On  the  coast  of  Norway  and  Sweden,  Von  Buch 

and  M.  Brongniart  discovered  deposits  of  shells  at 
various  heights  above  the  level  of  the  sea  ;  this  would 
indicate  that  the  rocks  Inive  been  elevated  at  a  recent 
period,  though  they  are  chietiy  composed  of  gneiss 
and  primary  tbrniatious.  Adjacent  to  volcanic  dis- 
tricts, instances  of  the  repeated  elevation  and  sub- 
mersion of  the  land  are  not  uncommon.  In  the  first 
volume  of  Mr.  Lyell's  Principles  of  Geology,  many 
interesting  facts  of  this  kind,  in  Calabria  and  Sicily, 
are  fully  stated. 

In  the  address  of  Mr.  Lyell  to  the  Geological 
Society  of  London,  1837,  he  has  stated  several 
instances  of  the  gradual  elevation  of  the  shores  of  the 
Baltic  in  some  parts,  and  of  subsidence  in  other  parts; 
attested  by  satbiactory  evidence.  In  some  of  these 
cases  the  elevation  or  submergence  has  not  exceeded 
a  few  inches  in  a  century.  In  othur  instances,  the 
subsidence  has  been  more  rapid,  for  there  arc  towns 
along  the  coast  of  Scania,  where  the  streets  are 
below  the  level  of  the  sea.  On  the  coast  of  Green- 
land, a  great  change  in  the  level  of  the  ground  has 
taken  place,  since  the  ])eriod  when  a  colony  of 
Europeans  was  settled  there.  Several  of  the  coral 
islands  in  the  southern  Pacific  ofiier  incontestable 
proofs  of  recent  elevation,  for  the  uppermost  beds  of 
coral,  rise  considerably  above  the  level  of  the  ocean, 
where  no  coralline  polypi  could  have  lived. 

Although  we  have  few  recent  instances  of  subsi- 
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dence  of  the  land  on  an  extenmve  scale,  cities  hnre 

been  ingulfed  and  their  place  occupied  by  lakes, 
and  the  bed  of  the  sea  near  the  coast,  has  been 
deepened  a^j  well  as  elevated  by  earthquakes.  In 
addition  to  this,  there  are  submarine  forests  on  some 
parts  of'  the  English  coast,  particularly  of  York^^hire 
and  Lincolnshire,  which  may  be  seen,  at  low  water, 
extending  far  into  the  sea.  The  trees  are  broken  off 
near  the  nx>t8y  l>ut  their  stumpa  are  erect,  pcwing 
that  they  are  in  the  position  in  which  they  grew : 
this  &ct  clearly  indicates  a  submeision  (rf*  that  part  of 
the  country  at  no  very  remote  qpoch.  If  ancient 
traditions  could  be  relied  upon  with  as  much  certainty, 
as  the  records  of  nature  imprinted  on  the  crust  cf  the 
globe,  we  might  dte  the  net  of  ancient  continents 
having  sunk  down,  since  the  world  was  peopled  by 
the  human  race.  Plato,  in  his  dialogue  entitled 
Timceus^  says,  that  Solon  received  an  account  from 
the  priests  of  vSais  in  Egypt,  that  there  w^as  formerly  a 
vast  country  called  the  Atlantides,  situated  l>e>ontl 
the  Straits  of  Gibraltar,  the  inhabitants  of  which  \\  ere 
highly  civilised  and  flourishing  j  but  the  whole 
country  was  iugulied  in  tlie  ocean,  during  a  violent 
earthquake. 

The  upheaving  of  extensive  islands  or  continrats, 
was  probably  always  accompanied  by  the  depression 
of  other  portions  <»  the  crust  of  the  globe :  the  oadt 
lations  of  the  surface  may  be  the  result  of  some 
ffeneral  laws  of  subterranean  motion,  as  regular  and 
definite  in  their  operation,  as  the  laws  which  regulate 
the  motions  of  the  planetary  system.  These  laws 
may  for  ever  remain  undiscovered  by  human  intelli- 
gence, but  our  ignorance  respecting  the  causes  wliich 
have  repeatedly  submerged  and  elevated  various  por- 
tions of  the  earth's  surface,  does  not  invalidate  the 
fact,  that  such  submersions  and  elevations  have  taken 
place  at  various  epochs.  The  admission  of  this  fact 
has  been  progressively  gaining  ground,  and  is  sup- 
ported by  a  mass  of  evidence  wat  cannot  be  relutea. 
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CHAP.  XXIV. 

ON  THE  FORMATION  OF  VALLEYS,  AND  THE  GEO- 
LOGICAL THEORIES  RELATING  TO  VALLEYS  AND 
DENUDATIONS. 

On  the  Causes  that  have  broken  the  Surface  of  the  Globe.  — 
Erosive  action  of  running  Water  illustrated  by  the  Process 
cralied  Hushing^  —  Bursting  of  Lakes.  —  Some  Valleys  originally 
formed  by  Elevation  or  Subsidence,  and  subsequently  enlarged 
bj  the  Action  of  Water.— DiiFerent  Theories  respecting  the 
FomuAioa  of  Valleys.  —  Theory  of  Werner  —  of  Hatton. — Of 
Elevation.  —  Of  tlie  retiring  Waters  of  the  Ocean.  —  Theory 
of  Excavation  and  Denudation  by  Deluges.  —  Modification  of 
this  Theory  by  Sir  Janie^  Hall;  its  Application  to  explain 
Denudations,  and  Transportation  of  Blocks  of  Granite  from  the 
Alps. — Particnlar  Ph«K>mena  presented  by  the  scattered 
Blocks  in  the  Vicinity  of  Genera.  —  Denudation  of  stratified 
Rocks,  effected  by  the  same  Causes  which  have  broken  the 
Primary  Rocks^  and  scattered  their  Fragments  into  distant 
DistrictB. 

Prom  what  has  been  stated  in  the  preceding  chapter* 
respecting  the  elevation  and  submersion  of  the  earth's 

sumce,  the  geolof^cal  student  might  infer,  that  such 
elevations  and  siil)incr<^ences  otlcr  a  sufficient  expla- 
nation of  the  formation  of  valleys,  but  the  inference 
would  be  erroneous.  The  causes  which  have  modified 
the  surfiice  of  tlic  globe  are  either  internal,  viz.  de- 
pendent on  the  earth  itself,  or  external,  dependent 
on  tlic  atmosphere  which  surrounds  it.  Beside 
these,  there  is  the  ceaseless  flux  and  reflux  of  the 
ocean,  dependent  on  the  attractive  forces  of  the  sun 
and  moon,  and  on  the  earth's  diurnal  revolution  on  its 
axis.  The  two  former  causes  have  been  principally 
'  concerned  in  the  formation  of  valleys ;  and  there  are 
few  valleys,  in  which  the  combined  effects  of  both  these 
causes  may  not  be  traced.   The  inequalities  of  sur- 
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&ce  produced  by  the  upheaving  of  mountain  ranges, 
or  the  emergence  of  continents  &om  the  ocean,  must 
have  originally  determined  the  course  of  the  retiring 
mter»  or  of  atnioroheric  water  precipitated  in  rain. 

Of  the  power  or  atmospheric  water  to  act  upon  the 
surface  of  the  globe,  we  can  form  but  a  very  feeble 
idea  from  wliat  we  observe  in  our  own  country.  In 
warm  climates,  as  much  rain  will  fall  sometimes  in  one 
hour,  as  falls  at  different  times  during  three  months  in 
northern  latitudes :  added  to  this,  when  the  rain  de- 
scends in  mountainous  regions,  the  water  is  suddenly 
collected  into  powerful  rivers,  rushing  with  incredible 
violence  to  tlie  lower  valleys.  At  remote  e])ochs 
it  is  highly  probable,  that  many  elevated  depressions, 
which  are  now  mountain  valleys  in  Alpine  r^ons, 
upheld  the  waters  and  formed  lakes,  that  have  subse- 
quently burst  their  barriers,  and  have  nloughed  a 
passage  fi)r  the  succeeding  rivers,  when  the  drainage 
of  the  country  became  more  rmilar. 

At  the  present  day,  the  bursting  of  mountain 
lakes  is  not  unfrequent  in  the  Alps.  When  the 
streams  that  run  through  elevated  Alpine  valleys  are 
dammed  in  by  a  barrier  of  ice,  or  by  a  fall  of  stones 
and  earth  from  the  overhanging  rocks,  mountain 
lakes  are  formed,  which  produce  overwhelming  tor- 
rents, whenever  the  barriers  are  by  any  cause 
removed. 

To  convey  to  the  reader  some  idea  of  the  force  of 
falling  water,  carrying  with  it  loose  stones  that  occur 
in  its  passage,  it  may  be  useful  to  describe  a  process 
called  hmhinff^  in  Westmoreland.  The  quarryinen, 
when  in  search  for  good  beds  of  slate,  where  the  rideof 
a  mountain  is  covered  with  stonesand  vegetation,  form 
a  lake  or  pool  near  the  top  of  the  mountain,  by  dam- 
ming up  a  mountain  rivulet  where  it  passes  through 
a  depression  or  small  valley.  When  the  water  hiks 
accumulated  in  sufficient  quantity,  tiiey  dig  a  trench 
near  the  dam,  to  direct  the  current  where  they  wish 
it  to  flow,  and  then  break  down  part  of  the  dam. 
The  water  flows  tirst  through  the  tiench,  and  rushing 
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with  accelerated  velocity  down  the  inountaiii»  carries 
with  it  the  stones  near  the  surfiice,  and  in  a  very 
short  time  ploughs  a  deep  diannel  in  the  rocks, 
emosmg  every  bed  to  view.  Thus  in  a  few  hours  is 
emctedt  what  the  labour  of  many  men,  continued  for 
months,  could  not  have  accomplished.  I  have  been 
informed,  that  in  the  upper  part  of  the  valley  of  Long 
Sleddale,  when  the  process  of  hushing  takes  place,  the 
river  Ken,  (as  it  flows  by  Kendal,  twelve  miles  distant,) 
is  made  turbid  for  some  days,  by  the  quantity  of  debi  is 
carried  into  it  If  such  an  effect  can  be  produced  by 
the  small  quantity  of  water  thus  pent  up,  it  will  not 
be  difficult  to  beUeve,  that  the  bursting  of  extensive 
mountain  lakes  may  have  scooped  out  passages  for 
mighty  rivers.  Even  the  bursting  of  a  small  moun- 
tain lake,  in  the  valley  of  Bagnes,  in  the  year  1818, 
produced  the  most  terrific  effects.  The  lake  had  been 
formed  by  a  barrier  of  ice  damming  up  the  river  at  a 
great  elevation :  this  barrier  suddenly  gave  way,  and 
precipitated  the  watar  into  the  great  valley  of  die 
Rhone,  near  Martigny,  tearing  down  and  ovurUu  ning 
every  obstacle  it  met  in  its  passage.  From  the  quantity 
of  mud  and  stones  whicli  it  bore  along,  it  resembled 
a  moving  mass  of  stones  and  earth.  An  English  gen- 
tleman, who  was  descending  the  valley  at  the  time, 
observed  his  horse  exhibit  by  its  motions  great  trepi* 
dation,  of  which  he  could  not  discover  the  cause, 
until  a  loud  rushing  noise  occasioned  him  to  look 


filling  up  the  bottom  of  the  vaUey,  and  advancing 
rapi(Sy  towards  him.  He  instantly  alighted,  ana 
scrambled  up  the  a^acent  rocks»  leaving  his  horse  to 
its  ftte.   Two  years  afterwards,  when  I  was  at  Mar* 

tigny,  the  desolating  ravages  of  this  catastrophe  were 
apparent.  This  place  has  experienced  many  similar 
catastroplies  from  the  same  cause. 

Many  of  the  lower  valleys  in  tlie  Alps  have  evi- 
dently once  been  lakes.  The  whole  valley  of  the 
Rhone,  from  its  source  to  Martigny,  formed  one 
lake :  the  broad  valley  of  Geneva,  between  the  Alps 


back,  when  he  beheld 
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and  the  Jura,  formed  a  lower  and  more  extensiv  e  lake, 
before  a  passage  was  opened  for  the  water  at  Porte 
rEcluse.  When  a  fissure  was  once  made  by  eartli- 
quakes  or  by  subsidence,  the  rushing  of  water  cbaiged 
with  stones  would  enlarge  and  deepen  the  passage* 
and  thus  lav  dry  and  raluce  the  ancient  lakes  in  a 
compaiadveijr  short  period*  In  the  year  1819»  part 
of  a  mountam  immediately  above  the  river  Isefe^ 
opposite  to  the  city  of  Moutiers,  in  the  TarCTtaise^ 
suddenly  fell  down  into  the  river,  and  formed  a  dam 
across  it,  over  which  persons  might  pass  from  one 
side  to  the  other.  When  I  was  there  in  tiie  year  1821, 
all  this  mass  of  stone  had  been  carried  away  by  the 
river.  The  action  of  rivers,  in  extensive  and  level 
valleys,  tends  rather  to  fill  them  with  debris,  brought 
from  the  more  devated  countries  in  which  the  rivers 
had  their  origin,  than  to  excavate  them  deeper* 

The  formation  of  the  greater  number  of  valleys 
cannot  be  explained  by  the  action  of  water  alone. 
There  are  valleys  of  elevation  formed  by  the  laising 
of  the  strata  on  each  side — valleys  or  subsidence* 
formed  by  the  sinking  of  the  ground,  leaving  the 
adjacent  rocks  unmoved  —  valleys  of  disruption, 
where  a  range  of  mountains,  or  an  extent  of  couiiuy, 
has  been  rent  by  earthquakes  or  by  subsidence.  Most 
of  the  valleys  formed  originally  by  these  causes,  have 
been  subsequently  enlarged  or  modiriod  by  ihe  action 
of  water.  Tiiere  are,  indeed,  instances  of  valleys  and 
ravines,  formed  entirely  by  the  continued  erosion  of 
water ;  such  is  the  valley  of  Niagara,  between  Queens- 
town  and  the  Falls.  (See  the  frontispiece  to  the 
present  volume.)  Other  instances  might  be  cited,  in 
which  the  action  of  water  is  equally  evident.  In 
many  cases,  however,  .where  water  appears  to  have 
been  the  sole  agent  in  excavating  rocks^  I  am 
inclined  to  believe,  that  an  original  break  or  fissure 
lias  greatly  accelerated  the  process.  In  broad 
valleys,  the  excavation  must  often  have  been  ejected 
by  more  powerful  agents  than  any  wliich  we  perceive 
in  present  operation,  and  when  a  broad  outlet  is 
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once  niade»  the  subsequent  dramage  of  a  coimtiy 
may  work  its  way  to  the  sea  in  a  very  sinuous  course ; 
but  this  sinuous  course  does,  not  prove  that  the  valley 
had  been  originally  formed  by  the  river  that  Bows 
through  it. 

Besides  the  action  of  mountain  torrents,  the  burst- 
ing of  lakes,  and  the  regular  flowing  of  rivers,  many 

fljeologists  believe  that  the  excavation  of  valleys,  and 
the  transportiition  of  loose  rocks,  have  been  effected 
by  the  more  powerful  agency  of  the  ocean,  thrown 
ov  er  the  surface  of  the  land,  by  the  great  convulsions 
that  have  upheaved  mountain  ranges  and  continents. 
For  the  benefit  of  the  geological  student,  1  shall 
endeavour  to  give  a  brief  outline  of  the  principal 
theories  that  have  been  maintained  respecting  the 
formation  of  vallcvs,  but  the  first  of  these  theories 
b  now  admitted  to  be  untenable. 
*  The  formation  of  valleys  has  been  ascribed  to  the 
following  causes  tw- 
isty To  the  original  unequal  deposition  of  the 

earth's  surface. 
2d,  To  excavation,  by  the  rivers  that  flow  through 

them. 

3d,  To  the  elevation  or  subsidence  of  part  of  the 

earth's  surface. 
4th,  To  excavations,  caused  by  the  sudden  retreat 

of  the  sea  from  our  present  continents, 
^th.  To  excavations,  by  inundations  or  deluges* 
that  have  suddenly  swept  over  the  sumce 
of  different  parts  of  the  globe. 
I  shall  notice  the  leading  mcts  that  favour  or 
oppose  each  of  these  theories* 

The  first  of  the  above  theories  is  that  of  Werners 
he  supposed  that  all  the  matter  of  which  primary, 
transition,  and  secondary  rocks  arc  formed,  was 
originally  held  in  solution  by  water,  and  that  the 
water,  so  saturated  with  mineral  matter,  covered  the 
whole  globe.  The  primary  rocks  of  granite  were 
formed  by  chemical  precipitation,  and  their  peaked 
summits  and  declivities  were  the  result  oi  their. 
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original  deposition.  On  the  steep  sides  of  tht-^e 
pnmzry  mountains  weie  sobsequentlj  depoated  the 
^ffexeat  gcbistoge  rocks,  and  the  secondary  stratm 
weie  filmed  over  diese  by  the  mechanical  breaking 
down  of  the  primary  and  transitioD  rocks.  Dining 
the  time  that  these  lodu  were  depoaitii^  the  ifiter, 
thoiuh  nearly  saturated  with  mmenl  matter,  was 
canuie  €f  simpordn^  animal  life,  and  the  shdb  and 
remains  of  zot)p}iytes  aiid  rish,  were  enveloped  in  the 
strata  at  the  period  of  their  deposition.  AccoiLiii:g 
to  this  theory,  when  the  water  retired  from  the  pre- 
sent continents,  the  mountains  and  valleys  were 
already  formed. 

The  theory  of  Werner  requires  for  its  support  the 
admission  of  conditions,  which  appear  in  the  present 
state  of  our  experience  impossible^  and  it  is  at  variance 
with  existiii<^  phenomena.  The  vertical  poeition  of 
beds  of  puddmgstone,  sandstone,  and  the  tertkry 
strata  in  the  Alps,  could  not  have  been  their  ongaud 
one;  nor  can  the  bandings  and  contortioos  of] the 
strata,  so  common  in  Alpine  countries,  be  explained 
by  original  deposition.  A  fuitlici  account  of  paitof 
AVemer*s  theory  is  iriven,  Chap.  X. 

The  second  theory,  that  all  valleys  have  been 
excavated  Ijy  the  rivers  that  flow  through  them,  was 
maintained  by  Dr.  Hutton  and  Professor  Piayfair  :  it 
formed  a  part  of  tlieir  general  theory  of  the  earth  ; 
the  leading  propositions  (Mf  which  are,  that  the  sur- 
fiioe  of  the  present  oontinrats  is  wearing  down  by 
the  action  of  the  atmosphere  and  by  torrents,  and 
that  the  materials  are  carried  by  rivers  into  the  sea, 
and  there  deposited.  At  a  future  period  these  mar 
terials  will  be  melted  or  consolidated  by  subtemuiean 
heat  under  the  pressure  of  the  ocean,  ana  subsequently, 
by  the  expansive  force  of  central  hre,  the  bed  of  the 
ocean  will  be  elevated,  and  form  new  continents. 
According  to  this  theory,  our  present  continents 
have  been  also  foniu  d  from  the  ruins  of  a  preceding 
world,  and  elevated  by  a  similar  cause.  It  is  only 
with  tliat  part  of  the  Uuttonian  system,  which  relates 
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to  the  excavation  of  valleys,  that  we  have  at  present 
any  concern. 

It  is  remarkable,  that  a  theory  which  maintains 
that  the  continents  were  raised  from  the  ocean  by 
subterranean  fire,  should  limit  the  formation  of  valleys 
to  the  action  of  the  rivers  that  run  through  them ; 
for^  if  the  land  were  raised  by  an  esgiansive  power 
acting  from  beneath,  it  seems  to  follow  as  a  necessary 
corolhry,  that  the  surfice  would  be  unequally  elevated 
and  broken  by  the  same  cause ;  unless  we  suppose, 
that  every  part  presented  an  equal  degree  of  resist- 
ance to  the  moving  force.  If  the  resistance  were 
iinequaJ,  tliere  must  have  been  original  inequalities  or 
valleys,  which  determined  tlie  direction  of  the  water- 
courses in  tlie  tirst  instance,  though  tlie  lui  m  of  tiiese 
valleys  may  have  been  subsequently  mochtied  by  the 
action  of  water.  Tliat  all  valleys  have  been  excavated 
by  the  rivers  that  flow  through  tiiem,  is  opposed  by 
many  decisive  facts.  Before  their  excavation,  the 
sur&ce  would  be  nearly  level,  and  the  water  must 
have  had  less  force  than  at  present,  as  the  fall  would 
be  gentle.  The  present  effect  of  rivers  in  larse 
valleys,  is  not  to  excavate  them  deeper,  but  to  nU 
them  with  alluvial  depositions. 

Til  ere  are  numerous  deep  valleys  in  the  Alps,  that 
are  closed  at  one  end  by  steep  mountains  or  peqien- 
dicular  walls  of  rock,  and  are  now  nearly  closed  at 
the  other  end.  Such  are  the  valley  of  Thones,  near 
Annecv,  the  valley  of  Chamouni,  and,  on  a  larger 
scale,  tlie  valley  of  Geneva.  It  is  evident  that  tiie 
valley  of  Thones,  and  that  of  Geneva,  have  once  been 
filled  with  water,  and  formed  lakes :  by  an  earthquake, 
or  by  the  erosion  of  water,  a  fissure  has  been  made, 
which  has  drained  the  greater  part  of  these  valleys ; 
but  it  is  obvious  that  the  valleys  could  not  have  been 
formed  by  the  original  lakes,  or  by  the  rivers  that 
'  flowed  into  diero.  If  valleys  were  formed  by  the 
erosion  of  rivers,  the  lakes  through  which  these 
rivers  How,  must  have  long  since  been  filled  up  by 
the  materials  brought  into  them.    To  say  that  the 
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lakes  were  once  deeper  than  at  preaent,  is  giving  up 
the  theory,  for  lakes  are  only  the  deeper  parts  of 

valleys. 

Had  the  \alley  of  Borrowdale,  in  Cumberland, 
been  excavated  by  the  water  that  flows  from  it,  the 
lake  of  Keswick,  at  its  entrance,  must  liavc  recei\  cd 
all  the  materials,  and  been  long  since  choked  up. 
Or  had  the  valley  of  the  Rhone,  ten  thousiind  ftct 
deep  and  sixty  miles  in  length,  been  excavated  by 
the  Rhone,  me  quantity  of  matter  brought  down 
by  this  river,  would  not  only  have  filled  the  lake  of 
Geneva,  into  which  it  empties  itself,  but  the  broad 
valley  in  which  the  lake  Ues,  must  also  have  been 
filled  up,  and  raised  to  the  height  of  the  Jura*  That 
the  Lake  of  Geneva,  and  all  lakes  into  which  large 
rivers  flow,  arc  gradually  filling  up,  has  been  before 
statcil ;  but  the  valley  of  the  Rhone  is  not,  nor  are 
other  valleys  becoming  deeper. 

The  action  of  torrents  in  Alpine  districts  may 
have  been  sufficient  to  widen  fissures  alreadv  made, 
or  to  scoop  out  glens,  in  the  soiter  beds  on  the 
sides  of  mountains ;  but  they  appear  inadequate  to 
the  original  fonnation  of  large  longitudinal  valleys. 
Wator-courses  running  on  the  edges  of  nearly  vertical 
beds,  may  scoop  out  a  portion  of  a  softer  bed,  placed 
between  two  hard  rocks,  and  thus  form  small  longi* 
tudinal  valleys.  I  have  observed  several  instancea  of 
such  valleys  in  the  Ali)s,  which  may  probably  have 
been  furrowed  by  mountain  torrents  in  the  course  of 
ages.  Sonic  valleys,  as  Les  Echelles,  near  Chambery, 
are  closed  at  one  end  by  a  j)erpendicular  wail  of  rock  ; 
through  this  rock  a  tunnel  has  been  cut  for  the  road : 
but  it  is  impossible  to  conceive,  that  any  action 
of  water-courses  could  have  formed  such  a  valley. 
There  is  only  a  feeble  stream  that  flows  from  it.* 
Mai  ham  Cove,  at  the  head  of  the  valley  of  the  Aire, 
in  Yorkshire,  is  a  perpendicular  wall  of  limestone  fiOO 

•  For  a  particular  account  of  the  structure  of  this  valley,  see 
Tnvdi  in  the  Tarantaite,  voL  i.  p.  169.  I  there  ascribe  its 
original  fonnatioii  to  aubiidence* 
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feet  higli :  at  its  feet  the  river  rises ;  but  no  con- 
ceivable action  of  the  river  could  have  originally 
formed  this  valley.  Whatever  extension  \vc  may 
reasonably  grant  to  tlie  action  of  rivers,  it  will  not  be 
ibuad  suihcient  for  the  excavation  of  valleys^  except 
in  particular  situations. 

The  third  theory,  which  attributes  tlie  formation 
<tf  valleys  to  the  elevation  of  mountain  ranges,  appears 
to  ass^n  a  cause»  that  will  explain,  in  a  simple  manner, 
the  formation  of  many  valleys ;  but  oh  examination, 
it  will  be  found  inadequate  to  explain  the  phenomena 
of  other  valleys,  without  the  concurrence  of  inunda- 
tions or  the  action  of  water. 

If  the  crust  of  the  globe  were  broken,  and  raised 
in  parallel  ridges,  such  ridges  might  form  mountain 
ranges,  with  valleys  between  them,  like  w^hat  are 
observed  bordering  the  central  range  of  the  Alps ;  the 
arched  stratitication  of  many  of  the  calcareous  moun- 
tains, and  the  vertical  position  of  the  beds  &vour  this 
hypothesis. 

In  some  instances,  where  the  beds  of  a  mountain 
are  raised  firom  an  horizontal  to  a  nearly  vertical 
position,  they  would  leave  a  chasm  proportionate  to 
the  part  that  had  been  raised  ;  and  this  might  form 
the  bed  of  a  lake.  The  steep  escarpments,  which  the 
calcareous  mountains  in  Switzerland  and  Savoy  pre- 
sent on  one  side  of  the  lakes  which  they  border, 
indicate  that  the  beds  of  the  lakes  were  formed  in  tlie 
hollows  that  liad  been  left  by  the  elevation  of  the 
niountiiins.  The  beds  of  the  mountains  on  the  side 
opposite  to  the  escarpments,  generally  slope  down  to 
the  lakes ;  hence  M.  De  Luc  inSferred,  that  it  was  these 
mountains  that  had  sunk  down,  and  left  the  chasm 
which  forms  the  bed  of  the  lake.  Indeed  it  is  highly 
probable,  that  when  the  beds  of  rock  were  broken 
and  elevated  in  one  part,  the  beds  adjoining  would 
sink  down,  leaving  vast  chasms,  which  were  soon 
filled  with  water,  and  formed  lakes.  It  seems  quite 
certiiin,  that  the  lakes  in  the  valleys  of  mountainous 
countries,  could  never  have  been  excavated  by  the 
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rivers  that  flow  into  them.  Tlie  great  lakes  of  North 
America  are  situated  upon  a  vast  extent  of  table  land, 
about  800  feet  above  tiie  sea  ;  but  the  country  is  so 
level,  tliat  the  rivers  which  flow  into  the  lakes,  and 
those  which  empty  themselves  in  the  guif  of  Mexicro, 
are  onl^  separated  at  their  sotiroes  by  elevatiaiis  not 
exceeding  a  few  ieet,  and  when  swelled  by  rain,  the 
northern  and  southern  rivers  sometimes  interioclL. 
In  this  plain  there  are  no  mountahfis.  These  lakes 
were  probably  formed  by  partial  subsidemsesy  at  the 
epoch  when  the  whole  country  was  upheaved  from 
the  ocean. 

Transversal  valleys,  or  those  wliich  cut  through 
mountain  rani^es,  nearly  at  right  angles  to  the 
direction  of  the  ranges  they  intersect,  may  have  been 
originally  Assures  or  openings,  made  eitlier  at  tlie 
period  when  the  ranges  were  elevated,  or  subse- 
quently, by  the  saine  causes  that  have  rent  and 
displaoed  the  secondary  strata.  These  fissures  may 
have  been  afterwards  widened  by  the  erosion  of 
water. 

Geologists  seem  now  generally  agreed,  that  the 
action  <»  rivers  is  not  sufficient  to  explain  all  the 
phenomena  of  vall^s,  and  still  less  to  account  fer 

the  fragments  of  rocks  scattered  over  extensive  plains, 
at  an  immense  distance  from  Alpine  districts,  where 
rocks  similar  to  these  fragments  occur.  AnotJier 
*  phenomenon,  of  more  importance,  is  altogether  inex- 
plicable by  the  action  of  rivers.  Immense  tracts  of 
tiie  secondary  strata,  several  hundred  feet  in  depth, 
have  in  some  districts  been  torn  ofl^  and  the  materials 
entirely  removed,  except  detached  patches,  which 
here  and  there  form  isolated  caps  on  distant  hills; 
and  incontestably  prove»  that  they  were  once  parts  of 
one  continuous  stratum  or  formation.  Numerous 
instances  of  this  might  be  cited  in  our  own  island.  It 
is  probable  that  the  beds  of  chalk  that  form  the  north 
and  south  downs  of  Sussex,  once  extended  over  the 
Wealdeii  beds.  See  p.  14.  Tliis  local  disappearance 
of  a  stiatum  or  ibraiation,  has  properly  been  called 
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a  Denudation, — See  denudation  of  the  chalk  de* 
scribed,  p.  346,  347.  what  was  stated  in  Chap.  IX. 
respecting  the  original  soft  condition  of  the  strata  be 
admitted,  it  will  cUminish  the  difficulty  attending  the 
explanation  of  denudations.  That  the  agent  by  which 
the  strata  were  removed  was  water  is  now  generally 
believed,  but  whether  the  denudation  took  place 
before  the  strata  emerged  from  the  ocean  or  subse- 
quently is  unceitain. 

The  fourth  theory,  which  attributes  the  formation 
of  valleys  to  the  sudden  retreat  of  the  sea  from  our 
present  continents,  is  founded  on  the  admitted  fact, 
that  the  sea  has  once  covered  them ;  and  whether  we 
suppose  that  the  bed  of  the  ocean  was  deepened  in 
one  part  by  a  sudden  subsidence,  which  drew  off  the 
water  from  another  part,  or  that  the  continents 
emerged,  by  an  expansive  force  acting  beneath  them, 
—  the  effect  on  the  water  would  be  nearly  the  same* 
This  eflect,  in  scooping  out  valleys,  has  been  com* 
pared  to  what  may  he  observed  in  miniature  "  by  die 
drainage  of  the  retiring  tides  on  muddy  shores,  espe* 
cially  in  confined  estuaries,  where  the  fall  is  consider- 
able and  rapid,"  the  water  cutting  out  channels  for 
its  passage,  as  it  drains  off.  The  retiring  of  the  ocean 
suddenly  from  the  ])resent  continents,  would  be  a 
cause  sufficient  for  the  excavation  of  valleys  ;  but  I 
have  stated,  in  the  preceding  Chapter,  tlie  reasons  for 
beUeving,  that  continents  emerged  A'om  the  ocean, 
by  the  lon^  continued  action  of  an  upheaving  or 
expanding  force. 

The  fifth  theory,  which  ascribes  the  formation  of 
valleys,  and  the  extensive  denudations  of  the  strata, 
to  deludes  that  have  suddenly  swept  over  different 
parts  or  the  globe,  has  been  maintamed  by  Professor 
Pallas  and  Sir  James  Hall.  The  former  conjectured, 
that  the  inundations  that  have  covered  parts  of  the 
Asiatic  continent  with  blocks  of  stone,  beds  of  gravel, 
and  marine  remains,  were  occasioned  by  the  form- 
ation of  volcanic  islands  in  the  Indian  ocean.  Within 
tlie  p,eriod  of  authentic  history,  extensive  inundations 
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have  been  occasioned  by  volcanoes  and  eartli quakes, 
which  alibrd  ])robability  to  the  opinion  of  Pallas, 
in  the  year  1650,  a  new  volcanic  island  rose  from 
the  sea  in  the  Grecian  Archipelago ;  and,  according 
to  the  account  of  Kircher,  a  contemporary  writer, 
it  occasioned  the  sea  to  rise  forty-five  feet  io  height, 
at  the  distance  of  eighty  miles,  and  destroyed  the 
ndleys  of  the  Grand  Signior  in  the  port  of  Candia. 
The  prrincipal  damage  done  by  earthquakes  to  cities 
adjoining  tne  sea,  is  often  effected  by  an  enormous 
wave:  the  sea,  retiring  from  its  bed  in  the  first  instance, 
siiildcnly  returns  with  a  jjrodigious  swell,  and  in  a 
lew  moments  rushes  over  the  adjacent  country. 

During  the  earthquake  in  Chili  in  1835,  seep. 431, 
43*2,  a  permanent  elevation  of  the  ground  of  about 
nine  feet  took  })lace,  and  the  sea  rose  to  tlie  heiglit  of 
from  thirty  to  ibrty  feet,  sweeping  over  a  great  extent 
of  land,  and  tearing  away  the  various  obstadea 
opposed  to  its  progress.  If  we  suppose  mountains 
several  thousana  feet  high  were  elevated  by  similar 
causesi  the  swell  of  the  sea  must  have  been  incon- 
ceivably  overwhelming. 

Sir  James  Hall  has  given  greater  extension  and 
consistency  to  this  speculation.  He  supposes  that 
the  upheaving  of  a  large  island,  like  Sumatra,  might 
tiike  place  so  suddenly  as  to  drive  the  ocean  with 
great  ini])etuosity  over  the  summits  of  the  highest 
mountains,  and  strip  ofi'  tlie  glaciers,  and  transport 
them  into  distant  countries.  Ice  being  specifiadly 
lighter  than  water,  the  glaciers  would  carry  away  with 
them  the  blocks  of  stone  that  had  fallen  from  the 
impending  rocks,  and  had  become  incased  in  ice. 
This  theory  of  Sir  James  Hall's  would,  I  conceive, 
offer  a  better  explanation  than  any  other,  for  the 
occurrence  of  groups  of  fh^ments  or  particular  rodcs, 
unmixed  with  fragments  of  other  rocks.  Each  gla- 
cier, loaded  with  stones  from  the  rocks  above  it,  may 
be  regarded  as  a  ship  freightetl  with  specimens  of  its 
native  niountiuns,  wiiicli  it  dej)osits,  by  thawing,  in 
the  place  where  it  ultimately  rests.    Nor  would  a 
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wave  or  swell  of  the  sea,  that  had  covered  tlie  highest 
mountains,  suddenly  subside ;  it  would  sweep  repeat- 
edly over  the  whole  sur&ce  of  the  globes  at  a  lower 
and  lower,  levd  each  time ;  breaking  down  opposing 
obatadeSy  opening  new  passages  for  the  water»  and 
scooping  out  valleys  and  cols  in  the  softer  beds  and 
strata.* 

Of  the  different  theories  relating  to  the  formation 

of  valleys,  that  of  Sir  James  Hall  appears  to  offer  the 

most  satisfactory  explanation,  of  the  transporting  cause, 
by  which  scattered  blocKS  of  rock  have  been  removed 
from  their  parent  mountains  into  distant  countries, 
and  sometimes  spread  on  the  summits  and  sides  of 
mountains,  separated  from  each  other  by  deep  and 
broad  valleys.  These  scattered  blocks,  as  well  as 
beds  of  rounded  stones,  have  been  referred  to  in 
the  Chapter  on  Diluvial  Beds.  Their  occurrence 
presents  great  difficulties  to  the  contemplation  of  the 
geologist,  which  few  of  the  theories  of  tne  formation 
of  valleys  will  assist  in  removing.  Without  travelling 
to  the  Alps,  we  meet  with  difficulties  of  this  kind  in 
the  midland  counties  of  England.  For  instance, 
there  are  beds  of  gravel,  and  fragments  of  rock, 
scattered  over  hills,  that  are  not  only  far  distant  from 
the  rocks  which  have  supplied  the  fragments,  but 
which  are  separated  from  them  by  deep  valleys,  over 
which  it  is  supposed  tliat  the  frag'ments  could  not 
have  been  carried,  by  any  power  of  diluvial  agency ; 
for  in  England  we  have  not  the  glaciers  to  assist  in 
their  transportation.  It  has  been  imagined,  that  these 

*  Tbose  depresrioiu  in  a  fange  of  mountains  which  offer  the 

easiest  access  in  crossing  from  one  valley  to  another,  are  in  the  Alps 
called  Cols.  I  obsf  rvrd  that  these  cola  were  all  in  the  softest 
beds  ;  and  their  formation  iidniits  of  an  easy  explanation  by  diluvial 
action.  See  Plate  II  fig.  2.  "  A  range  of  mountains,  ^\ith  their 
beds  highly  elevated,  is  extended  from  a  to  d  d.  Ate  c  the  beds 
are  of  very  soft  date  or  shak,  which  has  been  ezcayated  so  aa  to 
offer  a  passage  over  the  range,  though  the  highest  part  is  several 
thousand  feet  above  the  valley.  Such  is  the  Col  de  Balm  above 
Chamouni.  The  beds  probably  extended,  at  the  period  of  theif 
elevation,  in  the  direction  of  the  dotted  lines.'* 
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iVagments  and  beds  of  gravel,  were  deposited  in  their 
present  positions,  before  the  intervening  val!e  \  s  w  ere 
scooped  out.    But  any  subsequent  deluge,  sutficiently 
powerful  to  scoop  out  valleys,  must  have  swept  awav 
the  loose  stones  on  the  surface.    The  local  elevatiob 
of  the  surface  would  in  these  cases  appear  to  offer  a 
more  satisfactory  explanation.    The  blocks  of  granite 
torn  firom  Mont  Blanc  and  the  acgaooit  grankic 
lai^e,  are  scattered  over  ^  calcareous  mouBtakm, 
and  in  the  valleys  of  Savojr*  to  tlie  distance  of  mxty 
miles  or  more  from  the  parent  rocks,  and  aome  of 
these  Mocks  have  traversied  the  Jura  into  France,  a 
distance  of  100  miles.  Two  hypotheses  have  recently 
been  formed  respecting  them:  the  one,  that  these 
blocks  of  granite  were  thrown  from  the  mountiiins 
by  an  expulsive  force  at  the  period  of  tlieir  elevation; 
the  other,  that  the  calcareous  mountains  have  been 
subsequently  raisedt  with  their  load  of  granitic  blocks 
upon  til  em. 

The  first  of  these  theories  will  not  be  regarded 
as  entitled  to  farther  observation.  The  second  is 
opposed  by  certain  appearances  in  the  Alps*  which 
inoicate  that  the  mountains  were  raised,  oe&re  the 
scattered  blocks  were  deposited  upon  them,  but  it  is 
not  improbable,  that  the  same  mountains  may  have 
received  additional  elevation,  subsequently  to  tlie 
transportation  of  the  blocks  that  rest  upon  thcin. 
The  range  of  tlie  Jura,  over  which  some  of  these 
blocks  have  passed  from  Mont  Blanc,  might  not  at 
that  time  have  attained  their  present  elevation.  The 
transportation  ot  erratic  blocks,  cannot  be  properly 
investigated,  without  taking  into  oonsideratioa  the 
valleys  and  hills,  which  appear  to  oppose  their  pro^ 
gress*  The  fitcts  connected  with  this  inquiry  are 
nowhere  more  distinctly  seen  than  in  the  vicinity 
of  Geneva.  If  any  readers  ot  this  volume  sboidd 
visit  that  cit^,  I  would  recommend  them  to  devote  a 
day  to  visiting  the  mountains  called  the  Great  and 
Little  Salcve,  in  its  immetliate  vicinity.  They 
present  tlieir  steep  escarpments  of  limestone  to  tlie 
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valley  of  the  Rhone,  but  slope  down  on  the  soiitli  side 
to  the  viUley  of  the  Arve.  On  this  southem  side  may 
be  seen,  not  the  remains  of  an  ancient  temple  or  dty, 
but  the  magnificent  ruins  of  mighty  mountains,  and 
the  monuments  of  an  overwhelmingcatastrophe»  which 
transported  these  ruins  into  their  present  situation. 
The  snow-dad  mountains  from  which  they  were  torn, 
rise  magnificently  to  the  view,  though  fifW  miles 
distant.  On  the  Little  Saleve,  at  the  height  of  fourteen 
•  hundred  feet  above  the  valley,  are  scattered  numerous 
blocks  of  granite  of  vast  size,  not  at  all  water-worn, 
and  almost  as  fresh  as  if  recently  torn  from  their  parent 
mountains  ;  they  are  of  tiiat  kind  of  granite  ailled 
Protogine,  in  which  talc  or  chlorite  is  one  of  the  com- 
ponent parts,  and  are  identical  with  the  gi'anite  of 
moat  BlanCy  while  the  Saleve  on  which  they  lie  and 
the  surrounding  mountains  are  calcareous.  On  the 
Great  Saleve  adjoining,  there  is  one  block  of  this 
granite  seven  feet  in  lei^th»  at  the  height  of  2500 
feet  above  the  valley.  &mssure  has  remarked,  that 
these  blocks  are  not  broken  or  shattered,  as  they 
would  have  been,  had  they  been  hurled  with  violence 
from  the  Alps ;  neither  do  tlie  limestone  strata 
beneath  them  present  any  appearance  of  having  been 
fractured  or  indented  by  their  fall :  on  tlie  contraiy 
the  blocks  lie  upon  the  surface.  Two  of  these  blocks 
of  granite  rest  upon  pedestals  of  limestone,  a  few 
feet  above  the  general  level  of  the  ground.  The 
blocks  have  evidently  protected  the  limestone  beneath 
them  fiom  disintegration,  and  thus  would  serve  as 
chronometers,  to  indicate  the  period  when  they  were 
deposited,  could  we  ascertain  the  thickness  of  surface 
worn  away  in  a  given  time. 

I  observed  a  few  of  the  blocks  were  cracked,  but  this 
was  in  all  probability  effected  by  the  percolation  of 
water,  and  its  expansion  by  frost.  Anotlier  circum- 
stance pointed  out  by  Saussure,  is,  that  tliese  blocks, 
in  their  passage  from  the  Alps,  appear  to  have  taken 
the  course  of  the  present  valleys,  and  where  they  have  ^ 
been  carried  as  far  as  the  Jura  chain,  they  rest  at 
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various  hei^lits  on  tiie  sides  of  that  ran<»:e  of  mo!in- 
tains,  exactly  opposite  to  the  mouths  of  the  Alpine 
valleys.  Saussure,  however,  supposes,  and  with  much 
probabUity,  that  the  whole  of  tlie  valley  of  Geneva, 
and  the  valleys  tliat  run  iran  the  Alps,  and  aii  the 
lower  mountains  of  Savoj,  were  coveral  by  the  mm 
at  the  period  when  the  great  catastrophe  took  place, 
and  that  the  rodcs  were  torn  off  and  transported  liy 
a  sudden  rush  of  waters.   He  iurther  supposes^  thit 
the  specific  gravity  of  the  blocks  being  diminidied  hf 
the  medium  in  which  they  were  borne  akm^,  they 
might  be  carried  to  a  great  distance  bv  the  \  iolence 
of  the  current,  and  deposited  at  considerable  altitudes. 
That  these  valleys  were  formed  before  the  trans- 
portation of  the  granite  blocks,  seems  evident  from 
the  circumstance  before  stated,  that  the  blocks  occur 
in  groups,  opposite  to  the  embouchures  of  all  the 
Alpine  valleys*  that  open  into  the  great  valley  of 
Geneva.  These  valleys  or  depressions,  were  tberwne 
formed  before  the  country  emerged  from  the  ocean, 
not  by  the  erosion  of  rivers,  but  by  the  elevation  and 
fracture  of  the  beds  on  each  side.   The  summits  of 
the  mountains  that  border  the  present  valleys,  mav 
have  directed  the  course  of  the  rush  of  water  by  whiefi 
the  blocks  were  transported.   The  valley  of  tlie  Arve, 
in  tlie  upper  part,  has  evidently  ])een  a  lake,  or  series 
of  lakes,  originally  formed  by  elevation  and  depres- 
sion :    the  waters  have  cut  passages  through  the  . 
barriers  of  these  lakes  at  a  subsequent  period,  and  the 
river  Arve  has  afterwaids  cut  through  the  deep  mass 
of  sand  and  rounded  stones,  that  fill  the  bottom  of 
the  lower  part  of  the  valley,  from  Bonneville,  to  the 
Junction  of  the  Ai*ve  with  tne  Rhine.  The  transport* 
ation  of  the  granite  blocks  was  posterior  not  only  to 
tihe  original  formation  of  the  Alpine  vall^s»  but  also 
took  place  at  a  later  period  than  the  deposition  of  the 
deep  mass  of  sand  and  rolled  stones,  tiiat  forms  the 
bed  of  the  lower  part  of  these  valleys,  for  the  blocks 
oiten  rest  upon  it.    Blocks  of  similar  gramle  may  be 
seen  in  the  lake  of  Geneva,  between  tiiat  city  and 
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Thonon,  which  indicates  that  this  part  of  the  lake  has 
undergone  no  great  change,  since  these  blocks  were 
deposited.  The  transportiition  of  the  granite  blocks 
£^pear  to  have  been  eii'ected  suddenly ;  but  the 
rounded  blocks  and  sand  at  the  bottom  of  the  valleys, 
must  have  been  long  sul^ected  to  the  violent 
agitation  of  water. 

There  are  numerous  instances  of  transported  masses 
of  rock  scattered  over  our  own  idand,  and  various 
parts  of  the  continent,  but  none  of  them  appear  so 
immediately  to  elucidate  the  inquir}'  respecting  the 
origin  of  valleys,  as  tlie  granite  blocks  in  Savoy,  and  on 
the  Jura.  Seated  on  tiie  side  of  a  mountain,  among 
a  group  of  these  blocks  (as  on  the  Saleve,  near 
Geneva) ;  you  may  see,  at  the  same  time,  the  distant 
rocks  from  which  they  were  torn,  the  valleys  or 
depressions  along  which  they  haye  been  transported, 
and  the  original  situations  on  which  they  were  depo- 
sited, and  where  they  remain,  and  may  probably  con- 
tinue till  another  great  revolution  of  the  globe. 

In  the  preceding  account  of  the  transportation  of 
the  blocks  of  granite  from  Mont  Blanc  and  its 
vicinity,  it  is  stated,  that  their  course  was  in  the 
direction  of  the  valleys  that  open  into  the  great  valley 
of  Geneva.  It  would  be  more  correct  to  say,  their 
course  was  determined  by  the  depressions  that  now 
form  valleys,  but  were  then  filled  with  water,  nearly 
to  the  summits  of  the  rocks,  whicii  border  the  valleys 
on  each  side.  Assuredly  the  scattered  masses  of  rock 
could  not  travel  along  the  bottom  of  the  present 
vallejrs  and  cross  the  lake  of  Geneva,  and  then  ascend 
to  a  great  height  on  the  side  of  the  Jura. 

No  theory  tliat  I  know  of  can  offer  a  satisfactory 
explanation  of  the  blocks  of  peculiar  rocks  firom 
certain  mountains,  being  unmixed  with  anv  other, 
and  deposited  together,  unless  we  admit,  that  they 
were  brought  by  floating  glaciers,  freighted  with  the 
fragments  of  the  rocks  above  them.  The  blocks  of 
Saussurite,  described  at  page  120,  as  occurring  in  a 
field  near  Nyon,  on  the  lake  of  Geneva,  are  12U  miles 
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disUiiL  from  the  nearest  similar  rock,  which  Ls  in  die 
valley  of  Siuss,  that  opens  into  the  upper  vailejr  ot 
tlie  lllione  at  Visp. 

Let  any  one  acquainted  with  the  Alps  look  at  the 
admirable  **  Cdtie  MiUtnire  den  A/pes,'*  hy  Raymoml, 
which  is  a  correct  bird's-eye  view  ot  this  wondertlii 
region,  and  say  whether  it  appears  possible,  that  the 
blocks  of  saussiirite  could  have  tmvelled  so  ftr,  m- 
mixed  with  other  rodcs»  except  they  had  been  tnii». 
pc»tedfipom  their  native  sitoatiOD  by  a  floalnig  giado; 

Where  transported  Mocks  and  stones  oocnr  tn  anv 
country,  intermixed  with  the  bones  of  extinct  specif 
of  terrestrial  animals,  we  cannot  deny,  that  the  inL.Li- 
dation  or  current,  by  which  they  were  removed,  has 
swept  over  the  surface  of  an  island  or  continent. 
i>uoh  transported  bluck>  ami  beds  of  stone,  are  in  the 
strictest  sense  of  th^  term  diluvial* 
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CHAPTER  XXV. 

ON  THE  ANCIENT  TEMPERATURE  OF  THE  EARTH. 
•  —ON  CENTRAL  HEAT,  AND  ON  ASTRONOMICAL 

PHENOiMENA    ILLUSTRATIVE    OF  6£OLOGlCAL 

TU£OEl£&—  CONCLUSION. 

It  is  now  generally  admitted  by  geologists,  that  tlie 
temperature  of  the  eartli  was  at  a  former  epoch  much 
higher  tiian  at  present,  at  least  that  it  was  so  in 
northern  latitudes.  The  facts  on  which  this  opinion 
is  founded  are  very  numerous,  but  they  are  chiefly 
dependent  on  the  organic  remains  found  in  a  fossil 
%tate.  The  animal  remains  of  the  large  mammalia, 
such  as  the  elephant,  the  rhinoceros,  the  hippopota- 
muSf  are  abundant  in  some  of  the  tertiary  and  diluvial 
beds.  The  bones  and  teeth  of  elephants  in  Siberia, 
and  the  borders  of  the  Icy  Sea,  are  so  numerous,  that 
it  is  evident  the  animals  must  once  have  existed  in 
'  immense  multitudes  in  these  high  latitudes.  On  the 
Oyster  Bank,  off  Hasburgh,  on  the  Norfolk  coast, 
many  hundred  grinders  of  elephants  have  been  found, 
and  a  vast  quantity  of  their  bones.  (S.  Woodward's 
St/n,  Tab.)  Teeth  of  the  elephant  have  also  been 
found  in  almost  every  county  in  Eni^land,  and  in  all 
the  northern  kingdoms  of  Europe.  Remains  of  lizards 
of  enormous  size  occur  in  many  of  the  English  strata : 
these  animals,  in  a  peculiar  manner,  seem  to  require  . 
a  high  temperature  for  their  full  development 

The  fos^  remains  of  vegetables,  prove  the  high 
temperature  of  the  countries  in  which  they  flourished, 
more  decidedly  than  animal  remains.  Fossil  trunk* 
and  leaves  of  the  palm  tree,  the  tree-fern,  and  of 
gigantic  reeds,  analogous  to  what  are  now  growing  in 
equatorial  climates,  abound  in  the  coal  strata  of 
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larL'e  mammalia,  (sucli  a>  tlie  elepliant  or  hippopota- 
mus,) belong  to  the  order  ot  Fachvdenmta,  or  thick- 
skmned  animalsy  and  like  the  pig,whicli  belongs  to  that 
order*  might  be  constituted  for  living  boUiin  pobr  and 
equatorial  r^ons.    Indeed  it  is  Imown  that  some  of 
the  fiiflsil  elephants  had  a  covering  of  hair  or  wod^ 
which  must  bare  been  intennized  as  a  defence  ^guut 
CokL    A  face  of  elephants  with  Aaggy  hair  (aooord- 
jng  to  Bishop  Heher)  inhabits  tJie  cool  reirions  of  the 
HimmelavLi  iiKnintains.     From  the  remains  ot  ihc^ 
lar^e  mammalia  alone,  we  could  not  thertlure  prove 
the  hi^''h  loniier  temperature  of  northern  latinides. 
But  thcMJ  animaii*  would  require  a  constant  supply  of' 
f<:x>d  throughout  the  year,  %\  hic  h  they  could  scarcely 
obtain  in  a  frozen  climate ;  and  when  we  Either 
observe^  that  the  vegetation  of  the  ancient  world  wa> 
analogous  to  the  vegetation  of  the  warm  regions  which 
the  elephant  and  the  rhinoceros  now  chiefly  inhabiff 
we  can  scarcely  refuse  our  assent  to  the  poaitioD»  that 
the  temperature  of  the  earth  at  a  former  period*  was 
much  higher  than  at  present.    In  addition  to  this,  we 
have  in  our  strata,  the  fossil  bones  of  enormous  am- 
iluliiuiis  rej)tiles,  and  the  shells  of  iiiariiie  animals 
ike  the  nautili,  lliaL  exist  at  present  in  e  quatorial  sea.s: 
we  thus  obtain  an  accumulation  oi  evidence,  both 
from  tlie  water  as  well  as  the  land,  in  proof  of  the 
same  position. 

The  present  temperature  of  the  earth  appears  to  be 
dependent  on  two  causes, — the  radiation  of  heat  from 
the  sun,  and  internal  fire*  That  the  temperature  of 
different  latitudes  is  in  a  considerable  degree  depend- 
ent on  solar  radiation  will  not  be  disputed :  it  increases 
with  the  increase  of  the  sun*s  meridian  altitude  as  we 
advance  towards  the  equator*  and  it  increases  and 
decreases  in  the  same  latitude,  with  the  increase  and 
decrease  of  the  sun*s  altitude  in  difi'erent  seasons. 
The  temperature  of  dillerent  counUies  in  the  same 
parallels  of  latitude  is  very  much  modified  by  various 
causes:  between  the  tropics*  at  the  height  of  about 
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fifleen  thousand  feet  we  meet  with  eternal  snow*  In 
the  Swiss  and  Savoy  Alps,  the  line  of  perpetual  con* 
gelation  is  about  seven  or  eight  thousand  feet :  yet 
the  upper  valley  of  the  Rhone,  in  the  canton  of  the 
Vallais,  surrounded  by  snow-clad  mountains,  is  sub- 
jected to  an  oppressive  heat  in  the  summer  months, 
owing  to  the  stagnation  of  air  in  the  valley,  and  the 
reflection  of  heat  from  the  rocks. 

Large  elevated  continents  in  high  latitudes,  greatly 
decrease  the  temperature  of  the  air,  hy  presenting  a 
great  surface  of  snow  and  ice  to  the  atmosphere.  On 
the  contrary,  near  the  equator,  large  continents 
raise  the  temperature,  by  the  constant  radiation  of 
heat  from  the  ground.  The  ocean  preserves  a  more 
uniform  temperature  at  difierent  seascms  than  the 
land ;  hence,  islands  surrounded  by  lai^  seas,  pos^ 
sess  a  more  equal  temperature  throughout  the  year, 
than  continents  in  the  same  latitudes.  The  lines  6£ 
equal  temperature  (called  isothermal  lines)  are  not 
parallel  to  the  lines  of  latitutles,  as  they  would  be, 
were  temperature  not  aflected  by  the  causes  before 
stated.  Quebec,  with  its  Siherian  winter,  is  nearly 
in  the  same  parallel  of  latitude  as  Rochelle,  in  France, 
and  is  not  two  degrees  north  of  the  latitude  of  Bor- 
deaux ;  a  difference  not  greater  than  between  London 
and  Nottingham,  which  in  this  country,  produces 
scarcely  a  perceptible  effect  on  the  climate.  In  some 
countnes,  where  the  summer  temperature  is  much 
greater  than  that  of  other  countries  in  the  same 
parallel  of  latitude,  the  average  annual  heat,  or  what 
IS  called  the  mean  temperature,  as  measured  by  the  . 
thermometer,  is  the  same  in  both ;  because  thougl* 
the  summers  may  be  lioUer,  the  winters  are  propor- 
tionally colder,  which  reduces  the  average  tempera- 
ture to  an  equality.  But  though  the  mean  tempera- 
ture may  be  tlie  same,  the  greater  periodical  increase 
and  decrease  of  temperature  in  one  country  than  in 
the  other,  occasions  a  considerable  difference  iu  the 
vegetation.  If  we  examine  in  a  good  map  two  situa- 
tions in  the  same  parallel  o^'  latitude,  which  possess 
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very  different  degrees  of  temperature,  we  may  L'ene- 
rally  observe  a  variation  in  the  relative  proporiiun 
of  land  and  water,  which  may  serve  in  a  considerable 
degree  to  explain,  why  one  situation  should  -eigoy 
more  heat  than  the  otiier- 

Mr.  Lyell  has  advanced  a  theory  respecting  the 
former  mgh  temperature  of  northern  htitudes*  in 
which,  by  many  local  illustfations  and  ingenioos 
arguments,  he  attempts  to  niove,  that  a  great  dnnge 
in  the  relative  position  of  tne  land  and  sea,  would  be 
sufficient  to  account  for  the  excess  of  the  former 
temperature,   over  that  now  enjoyed  in  northern 
regions.    He  states  two  extreme  cases,  which,  could 
they  ever  occur,  must  produce  an  important  change 
in  the  climate  of  Euro])e.    Were  the  land  between 
tlie  tropics  to  be  submerged  under  the  ocean,  and  an 
equal  portion  of  mountainous  land  to  be  raised  in  the 
polar  drdes,  the  cold  of  those  regions  would  be 
much  increased,  and  the  heat  between  the  tropics 
would  be  very  greatly  dimimshed ;  by  the  joint  opera* 
tion  of  these  causes  the  climate  of  the  souuiem 
parts  of  Europe,  might  become  as  cold  as  that  of 
Siberia*   On  the  contrary,  were  all  the  land  in  high 
latitudes  to  be  submerged,  and  an  equal  quantity  of 
land  to  be  raiseil  above  the  sea,  near  the  ecjuator,  the 
mean  temperature  of  a  great  part  of  Europe  might 
l)e  sufficiently  increased,  to  support  the  vegetiition  ot' 
tropical  climates.    The  theory  of  Mr.  Lyell  throws 
much  liglit  on  tlie  causes  whicli  affect  the  climate  of 
various  countries  in  tlie  same  parallels  of  latitude ; 
and  could  we  grant  tiiat  the  change  of  land  and 
«ea  had  ever  been  so  complete  as  what  he  lias 
imagined,  the  conclusions  deduced  Uierefrom  would  be 
undeniable :  but  so  many  conditions  are  required  to 
eflect  such  extreme  changes,  that  we  must  regud 
thmr  occurrence  as  merely  possible ;  and  La  Place,  in 
his     Essai  PhUonophique  sur  lea  ProhahUUh^**  has 
shewn,  that  between  events  which  are  merely  possible, 
and  those  which  the  philosopher  should  regard  :us 
probable,  there  is  an  almost  immeasurable  interval. 
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Nor  can  the  theoty  of  Mr*  LyeU  be  weU  reconciled 
with  the  occurrence  of  the  remains  of  such  immense 
multitudes  of  tropical  animals  and  plantiy  ill  ooontnes 
bordering  the  arctic  circle,  because,  to  inoreaee  the 
temperature  of  Eur<qpe  in  a  considerable  dqpree.  the 
theory  would  require  all  the  land  in  high  northern 
latitndes  to  be  submei^^ ;  but  this  is  precisely  the 
land  on  which  the  elephants  and  other  animals  lived 
and  have  left  their  remains,  and  on  which  tropical 
plants  flourished.  To  Uike  away  this  ground  in  order 
to  increase  the  temperature,  is  destroying  tlie  very 
object,  for  wliich  the  theory  was  mvented,  and 
rendering  it  useless,  as  an  explanation  of  the  former 
high  temperature  of  northern  latitudes,  for  it  is  only 
by  the  occurrence  of  the  animal  and  vegetable  remains^ 
that  we  have  any  evidence  that  the  former  tempera- 
ture was  higher  than  at  present. 

The  cause  which  has  effected  a  change  in  the  tern* 
perature  of  the  earth,  must  probably  be  sought  for, 
either  in  the  earth  itself  or  in  some  change  in  its 
orbit,  or  in  the  relative  position  of  its  axis.  Did  the 
severe  laws  which  analysis  and  observation  Jiave 
established  in  astronomy,  allow  the  geologist  to  admit 
a  slow  revolution  of  the  globe,  round  two  opposite 
points  of  the  present  equator,  each  part  of  tJie  earth 
would  in  succession  be  brought  between  the  tropics  ; 
and  if  we  could  suppose  tlie  axis  of  diurnal  rotation, 
to  preserve  the  same  inclination  to  the  ediptic  as  at 
present,  we  should  have  all  the  conditions  reauired» 
for  explaining  the  former  high  temperature  or  polar 
regions.  The  spheroidal  form  of  the  globe  appears, 
however,  to  preclude  the  admission  of  this  hypouesisj 
nor  does  it  oerive  any  support,  from  astronomical  ob- 
servations continued  for  2000  years. 

Even  an  increase  of  the  obliquity  of  tlie  earth's 
axis  to  the  ecliptic,  without  any  other  change,  would 
produce  a  great  effect  in  the  climate  of  northern 
latitudes,  by  increasing  the  summer  heat ;  but  the 
winters  would  be  colder  than  at  present.    There  is, 

Q  Q  4 


Digitized  by  Google 


600 


VAUIAULENESS  OF  SOLAU  KADIATION. 


indeecU  an  annual  change  in  the  obliquity  of  the 
ecliptic,  but  it  appears  to  be  contined  within  limits 
too  small  to  produce  a  sensible  effect  on  the  temper- 
ature of  any  j)art  of  the  globe.  The  effects  that  migiit 
be  produced  by  a  change  of  the  earth's  orbit  remain 
to  be  noticed. 

A  change  in  the  form  of  the  earth's  orbit,  if  consir 
derable,  might  change  the  temperature  ci  the  earth, 
by  bringing  it  nearer  to  the  sun  in  one  part  of  its 
course.  The  orbit  of  the  earth  is  an  ellipsis,  ap- 
proaching nearly  to  a  circle :  the  distance  nom  the 
centre  of  the  orfatt»  to  either  Socub  of  the  dUpsia,  ia 
called  by  astronomers  the  eocentrieUy  qftheariit/* 
This  eccentricity  has  been  for  ages  slowly  decreasing, 
or,  in  other  w  ords,  llie  orbit  of  the  earth  has  been 
approaching  nearer  to  the  form  of  a  poifect  circle  ; 
after  a  long  period  it  will  again  increase,  and  the 
possible  extent  of  the  variation  has  not  been  yet 
ascertained.*  From  what  is  known  respecting  the 
orbits  of  Jupiter  and  vSaturn,  it  appears  highly  pro- 
bable, that  the  eccentricity  of  the  earth's  orbit,  is 
contined  within  limits,  tJiat  preclude  tlie  belief  of  any 
great  change  in  the  mean  annual  temperature  of  the 
globe,  ever  having  been  occasioned  by  this  causct 

The  heat  from  solar  radiation,  may  poasiUy  have 
been  greater  in  remote  a^es  than  at  present.  Sir 
Wm.  Herschell  inferred,  irom  the  variable  spots  oa 

♦  Sir  J.  W.  Herschell,  in  a  paper  on  tlie  subject^  read  to  the 
Geological  Soeiety,  s-tates  that  a  variation  in  the  eccentricity  of 
the  earth's  orbit,  iroin  the  circular  form  to  that  of  an  ellipse, 
havjBg  an  eccentricity  of  one  fouftii  of  tihe  BMjor  tam^  wwdd 
produce  only  an  increoM  of  3  per  cent,  in  the  mean  annual  amount 
of  solar  radiation. 

f  Un  autre  phtnomeiio  egalcmcnt  remarquablc  du  systeme 
Hclaire,  est  h-  pen  d'cccentricit^  des  orbes  dcB  plaiietes,  et  des 
satellites,  tandis  que  ceux  des  coinetes  sont  tren-allong^s.  Nous 
souiiues  encore  forces  de  recouuaitre  ici  Tefiet  d'uoe  cause 
r^guUdrey  le  hazard  n*eut  point  donn6  one  fonne^resque  cireulaire 
anx  orbes  de  tontes  les  plandtes  et  de  leurs  mtellites." 
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the  8un»  that  the  mean  temperature  of  the  earth 
was  increased  or  decreased  in  certain  years ;  or»  in 
other  words,  that  the  earth  received  an  uneqaal 
annual  supply  of  heat  from  the  sun.  We  have»  how- 
ever, no  osta  ftom  whence  to  ascertain,  that  there  has 
ever  been  anjr  considerable  change  of  temperature 
eftcted  by  this  cause ;  'to  appeal  to  the  high  former 
temperature  of  the  globe  in  proof  of  it,  would  be  to 
substitute  vague  ii)  pothesis  in  the  place  of  facts. 

Beside  solar  radiation,  it  Is  believed  by  many  phi- 
losophers, that  there  is  a  source  of  subterranean  neat 
within  the  earth  itself:  this  opinion  is  by  no  means 
new,  but  it  appears  to  have  received  support  from 
numerous  observations  and  experiments  made  in  a 
comparatively  recent  period.  The  evidence  by  which 
the  theory  of  central  heat  is  supported,  is  derived  first* 
from  the  occurrence  of  volcanic  fires  in  almost  every 
decree  of  latitude  north  or  south:  secondly,  from 
submarine  volcanoes:  thirdly,  firom  the  occurrence 
of  numerous  thermal  sprinp  in  countries  remote 
firom  active  vdcanoes:  lasdy,  firom  direct  experi<» 
ments  made  on  the  temperature  of  the  earth,  at 
various  depths  in  mines,  and  by  sinking  and  boring 
into  the  earth. 

Whether  there  exists  a  mass  of  heated  matter  under 
the  whole  sui-face  of  the  globe  may  be  uncertain  ; 
but  that  there  is  subterranean  fire,  utider  a  consider- 
able extent  of  the  surface,  can  scarcely  be  doubted. 
The  volcanoes  that  are  thickly  scattered  over  both 
the  northern  and  southern  hemisphere,  the  long 
period  of  their  activity,  and  the  connection  that 
lis  to  subsist  between  the  volcanoes  in  distant 


of  the  source  of  volcanic  fire.  The  volcanoes  that 
break  out  from  under  the  sea,  and  overcome  the  vast 

pressure  of  the  incumbent  ocean,  farther  indicate,  that 
the  explosive  force  is  situated  at  a  great  depth. 
Thermal  waters,  prove  the  extensive  effects  of  subter- 
ranean heat^  for  though  many  hot  springs  rise  in 
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volcanic  districts,  and  are  properly  a  part  of  volcanic 
phenomena,  yet  other  thermal  waters  are  far  removed 
from  any  active  volcanoes.  Some  hot  springs  have 
flowed  witliout  any  known  diminution  of  temperature 
for  nearly  two  tliousand  years ;  this  is  the  case  with 
the  waters  of  Bath,  which  have  no  volcanoes  nearer 
to  them,  than  those  in  Iceland  and  the  south  of  Italy. 
That  thennal  waters  derive  their  temperature  from  a 
deep-seated  internal  source  of  heat,  and  not  from  any 
local  cause,  or  from  chemical  changes  near  the  sur- 
face is  rendered  probable  by  various  circumstances. 
In  many  of  these  waters,  there  is  scarcel}'  any  admix- 
ture of  saline  or  mineral  matter,  which  there  would 
be,  were  the  heat  derived  from  chemical  decomposi- 
tion. Most  warm  springs  are  situated  near  to  crystal- 
lised primary  rocks,  or  to  basaltic  rocks  or  dykes,  as 
I  observed  to  be  the  case  in  the  Alps.  Hot  springs 
often  rise  among  the  loftiest  moimtiiin  ranges  in  Asia 
and  America.  The  tcinj)erature  of  thennal  w  aters  in 
low  situations,  is  liequently  reduced  by  admixture 
with  cool  springs  near  the  sui*flice,  and  this  I  bt-lieve 
to  be  the  principal  cause,  why  thermal  waters  so 
rarely  rise  in  the  upper  secondary  stjata,  as  I  have 
more  fully  stated  in  an  account  of  the  thermal  waters 
of  the  Alps.  (See  Appendix.)  It  could  scarcely  have 
been  expected,  that  an  enquiry  relating  to  the  tempe- 
rature of  the  central  part  of  our  planet,  could  be 
brought  within  the  limits  of  human  observation  and 
exi>enment,  as  the  depth  to  which  we  can  explore  by 
boring  or  by  excavation,  bears  so  inconsiderable  a 
proportion  to  the  diameter  of  the  earth ;  yet  from 
numerous  observations  on  the  temperature  of  the 
earth  in  deep  mines,  and  from  experiments  on  the 
temperature  of  water  at  different  ilepths,  it  wuiiid 
appear,  that  this  temperature  increases  in  a  very 
remarkable  degree,  as  we  descend  lower  from  the 
surliice.  In  France,  the  subject  has  been  recently 
investigated  with  considerable  activity ;  and  the 
practice,  which  in  becoming  general  ia  that  couu- 
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try,  of  boring  for  water,  to  form  what  are  called 
Artesian  welK  has  greatly  facilitated  the  inves- 
tigation.* 

M.  Cordier  has  particularly  directed  his  attention 
to  this  subject,  and  from  numerous  experiments  made 
by  himself  and  others  in  mines  and  Arteinan  wells, 
be  has  drawn  the  following  conclusions: — 1st  that 
there  exists  a  subterranean  heat  in  the  terrestrial 
f^be  independent  of  solar  radiation,  and  which 
increases  rapidly  with  the  depth  :  —  2d,  that  the 
increase  oi"  heat,  does  not  follow  the  same  line  in  all 
parts  of  the  earth ;  indeed,  he  supposes  the  differ- 
ences may  be  twice  or  three  times  as  great  in  one 
country  as  in  another : — Sd.  these  differences  are  not 
in  coTistant  relation  witli  the  longitudes  and  latitudes 
ot  places  where  the  experiments  have  been  made: 
— 4th.  tliat  the  heat  increases  with  the  increase  of 
depth,  in  a  much  greater  degree  than  was  previously 
believed*    M.  Cordier  farther  maintains,  that  there 
is  a  source  of  intense  heat  in  the  earth,  and  that  the 
external  crust  may  be  from  ^0  to  100  miles  in  thick* 
ness,  and  that  all  within  this  crust  is  a  mass  of  melted 
matter :  that  originally  the  whole  globe  was  an  entire 
mass  of  melted  matter  before  the  external  crust 
became  solid,  by  throwing  out  it^  heat  into  space ; 
and  that,  in  this  manner,  the  solid  crust  is  constantly 
growing  thicker,  and  the  internal  heat  diminishing. 

We  liave  no  very  decisive  experiments  on  the  tem- 
perature of  Artesian  or  other  wells  in  England,  but 
numerous  experiments  have  been  made  on  the  tem- 
perature both  of  the  air,  the  water,  and  the  rocks  in 
mines,  at  different  depths  j  and  t lie  general  results  of 
each,  have  indicated  a  considerable  increase  of  heat 

*  Boring  for  Artesian  wells  has  bcronie  general  in  many  part^  of 
Italy  and  Germany.  In  France,  it  is  found  that  the  average 
iocrease  of  heat,  above  the  mean  temperature  of  the  surface,  is 
about  one  degree  of  Fahrenlidt's  thennometer,  for  evenr  foriy-fiTe 
feet  in  depth ;  or  one  degree  of  the  centigrade  8cate>  for  twenty- 
five  metres :  but  this  is  liable  to  variation  of  increase  or  decrease 
in  different  situation:?.  For  a  further  acoount  of  the  temperature  of 
JBines  and  wells  aee  Appendix. 
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with  the  rncrea-e  of  depth.     In  Dokxihatfa  oc^«t 
mine,  Mr.  l  ox  lound  the  tcmjxrjitijre  of  tfi^  msier  it 
about  48^^)  yards  from  the         -    -  ^      more  i^^a^ 
of  Fahrenheit  above  the  mean  temperature  «t  ti>e 
countiy.    A  thennometer,  pluBged  inlo  the  ^ankw 
matter,  at  the  bottom  of  another  mine  m  Oorawaft 
400  yurda  deep,  and  which  had  been  hiiimljM'J  fir 
two  daysy  was  raised  38^  above  the  mean  tempcnSom. 

Mr.  Henwood  has  made  many  expeiiuMjnis  oo  the 
temperature  of  running  streams  or  water  on  thesnr 
issuing  from  unbroken  rock  in  the  Comiah  nmaa^ 
at  various  depths,  both  in  slate  and  granite,  Prohshir 
owiiif^  to  the  influence  of  surfece  vrater,  tut  ler  ix na- 
ture vas  but  little  increased  at  the  depth  or 
fifty  fatlioms,  below  waich  the  thermometer  rose 
couiaderahly. 

FatboBis>    Kumbf-r  of  T««per»- 
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At  the  Lead  Hills  in  Scotland,  in  mines  that  had 
not  been  worked  for  several  months,  nor  heated  by 
any  fires.  Professor  Forbes  stated  to  the  British 
Association  in  1836,  that  the  temperature  of  the 
water  was  found  to  increase  about  50^  of  Fahrenheit^ 
for  a  descent  of  ninety-five  fathoms.*^  Athensniin, 
Aug.  1836.  This  extraordinary  increase,  if  cor- 
rectly given,  can  only  be  explained  by  the  operation 
oi  some  unknowu  local  cause.  In  some  instances, 
probably  owing  to  other  local  causes,  tiie  increase  of 
temperature  at  certain  depths,  is  much  less  than  in 
any  of  Uie  cases  before  stated.    On  the  whole,  how- 
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ever,  the  temperature,  though  variable  in  different 
situatioDSy  ib  iound  to  increase  with  deptli.* 

The  spheroidal  form  of  the  earth,  indicates  an 
original  state  of  fluidity*  and  whatever  might  be  the 
tenacity  of  the  fluid  matter,  the  rapid  rotation  of  the 
eurth  on  its  axis,  would  swell  out  the  equatorial  paits^ 
and  Sana  a  spheroid  of  rotation.  Intense  beat 
appears  to  be  the  only  natural  agent  we  are  acquainted 
with,  that  could  retain  the  mass  of  the  earth  in  a 
fluid  state  :  —  farther,  the  granitic  crust  of  the  globe, 
most  probably  owes  its  crystalline  structure  to  slow 
refrigeration  from  a  state  of  igneous  fusion.  Thus 
both  the  form  of  the  earth,  and  the  structure  ot  its 
crystaUuie  crust,  are  favourable  to  the  theory  of 
central  heat.  If  this  theory  can  be  established,  it 
will  offer  a  satisfactory  explanation  of  the  former  high 
temperature  of  the  globe,  and  of  its  subsequent  pro* 
gressive  refrigeration  :  — also  of  another  circumstance 
equally  remarkable.  It  would  appear,  from  the 
fi»sil  remains  of  vegetables  in  difierent  latitudes,  that 
every  part  of  the  gfobe  once  enjoyed  nearly  the  same 
degree  of  heat ;  the  cause  of  this  equality  must  have 
been  independent  of  solar  radiation,  and  derived  from 
the  earth  itself.  There  are  certainly  numerous 
circumstances  that  favour  the  theory  of  central  heat, 
but  it  must  be  confessed,  that  it  is  also  accompanied 
with  ditficulties  not  easily  to  be  removed. 

If  the  eartii  be  composed  of  a  solid  crust  or  shell 
surrounding  a  fluid  mass,  this  internal  fluid  would 
be  sulgect^  to  the  attraction  of  the  sun  and  moon, 
or,  in  other  words,  would  have  its  regular  tides.  We 
are  not  acquainted  with  any  counteracting  influence, 

•  In  these  experiments  the  height  of  the  ground  above  the  level 
of  the  sea  ought  always  to  be  given*  A  ivcU  aank  from  the  top  of  a 
table  mountain  like  Ingleborougb,  in  Yorkahtre^  which  ia  800  yards 

above  the  level  of  Uie  sea,  would  at  the  depth  of  GOO  yards  be  still 
fSuljiep  from  the  central  heat,  than  the  general  surfaee  of  the 
COnntry.  I  am  not  aware  that  this  cireumstance  has  been  suffi- 
ciently attended  to,  where  the  depth  of  the  well  or  mioe  is  stated. 
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to  prevent  the  impulse  of  these  tides  upon  the  solid 
shell.  I  am,  however,  fully  persuaded,  tliat  the  inter-  1 
nal  parts  ot  the  earth  do  not  consist  of  an  assemblage 
of  ehaotic  eiemeDts,  but  that  they  axe  arranuoJ 
with  as  much  wisdom  as  the  parts  of  the  external 
universe^  and  that  the  earth  itself  is  the  v-ast 
laboratory,  in  which  was  prqMured»  according  to 
definite  laws,  all  the  muieral  substances  Comd  on  its 
surface,  and  in  which  are  now  prepaiin^  tbe  elemcDti 
of  future  changes. 

There  is  one  difficulty  attending  the  theory  rf  i 
central  hcdt,  noticed  by  Professor  Sedg^vick,  whicfc  I 
it  may  be  proper  to  state.     **  If."  says  he,  **  during 
any  period,  the  earth  has  undergone  any  considerable 
refrigeration,  it  must  also  have  undergone  a  contrac- 
tion of  dimensions  :  and  also,  as  a  necessary  conse- 
quence  of  a  well-known  mechanical  law,  an  acceleration 
round  its  axis :  but  direct  astronomical  obaervations 
prove,  that  there  has  been  no  sensible  diurnal  accele* 
ration  during  the  last  12000  years;  and,  thereforei 
during  that  long  period,  there  has  been  no  sensible 
diminution  in  the  mean  temperature  of  the  earth. 
This  difficulty  does  not,  however,  entirely  upset  Ae 
previous  hypothesis  ;  it  only  proves,  tliat  the  earth 
had  reached  an   equihbrium  of  mean  tem}>cratinv, 
before  the   conmiencement  of  good  astronomical 
observations.'* 

If  the  terrcstriiil  i^lobe  has  ever  been  a  fluid 
ignited  mass,  it  is  obvious  that  the  atmosphere  must 
have  undergone  great  changes  during  the  progress  of 
refrigeration.  In  the  original  ignited  state  of  the 
earth,  all  the  aqueous  particles  that  form  the  ooeany 
imd  all  the  more  volatile  mineral  substances,  must 
have  existed  in  the  form  of  vapour,  and  have  con- 
stituted a  nebulous  medium  of^  vast  extent,  resem- 
bing  the  atmosphere  of  a  comet,  or  the  nebulosity 
surrounding  the  newly-discovcrcd  j)lanets,  Juno, 
Ceres,  and  Pallas.  By  progre&sive  reiVigeration,  tlie 
volatile  mineral  matter  would  be  concreted,  and  the 


Digitized  by  Google 


ANCIENT  FLUIDITY  OF  THE  GLOBE.  607 

aqueous  particles  precipitated,  until  the  constitution 
of  the  atmosphere  became  fitted  for  the  support  of 
animal  hfe.  It  is  not  improbable,  that  the  animals  of 
the  earhest  creation,  might  have  been  constituted 
to  breathe  a  denser  atmosphere  tiian  the  present  one. 
Such  an  atmosphere  would,  in  a  considerable  degree, 
equalise  the  mean  temperature  of  the  eartb;  and 
the  excess  of  moisture  and  of  carbonic  acid  gasy 
would  also  be  &vourahle  to  the  rapid  development  <^ 
vegetation. 

In  stating  these  hypotheses*  mv  only  object  has 
been  to  suggest  to  ttie  reader,  the  various  causes 
which  may  have  affected  the  former  temperature  of 
the  globe.  I  shall  leave  him  to  determine  how  far 
any  of  them  appear  to  be  supported  by  analogy  and 
probability. 

The  original  fluidity  of  the  globe  appears  to  be 
indicated  by  its  present  spheroidal  form  j  and  in  the 
large  planets  that  compose  part  of  our  system,  the 
spheroidal  form  is  more  fully  displayed,  particularly 
in  the  planet  Jupiter.  Now  it  well  deserves  atten- 
tion, that  the  conditions  under  which  this  form  was 
impressed  on  the  earth  and  planets,  cannot  recur 
again  by  any  known  causes  now  in  operation,  or  by 
any  other  conceivable  cause,  except  the  fiat  of  the 
Creator.  Thus  we  are  brought  at  once  to  a 
commencement  of  the  series  of  geological  changes, 
which  could  not  have  been  the  result  of  any 
secondary  causes,  that  come  within  the  limit  of  our 
present  experience.  About  a  century  ago  it  \vas 
the  tashion  among  philosophers,  to  explain  all  the 
phenomena  of  nature,  even  thunder  and  muscular 
action,  by  the  operation  of  known  causes;  that 
is,,  by  the  estabUshed  laws  of  mechanics,  and  by 
chemical  iisnnentation.  The  discoveries  of  Franklin 
and  others  subsequently  proved,  that  there  were  more 
things  in  heaven  and  earth  than  had  been  dreamed 
of  in  past  philosophy.  It  would,  indeed,  be  astonish- 
ing if,  with  our  limited  powers  and  ephemeral  ex- 
istence, we  should  now  have  discovered  all  the  causes 
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that  have  e^^cted  coai^es  in  die  ^orsbcf  cijrwitnon  of 
the  giobe. 


One  parr:,  me  licrii?  part,  w^e  Smtr 
Tanta^  Ube  Oars,  ■frrtinw  ot  liie  « 


Tbe  seoso  girai  ns  br  the  Creator,  as  the 
of  knawled^  are  suficicnt  &€  all  the  i»eiyl  por- 
posei  of  life  oo  our  pLioet;  but  k  would  be  cx* 


tremelT  ia»h  to  intVr,  that  ther  are 
discover  or  to  perceive  ail  the  properties 

or  the  chanties  thtr>e  properties  cun  etT^ct.  ^KUDe 
.xi^.crial  powers  or  agents  ^.n^riOt  be  m^Je  per- 
cepttWe  to  any  of  our^ensos,  except  by  their  effcvts; 
auch  are  universal  graviiatioo,  magnetism,  and  crA  SiaJ- 
line  polarity ;  and  anes  had  elapsed,  berbre  tlie 
exL-^tence  or  operation  of  such  powers  wa-s  even 
suq>ected»  If  we  extend  our  \news  to  tbe  pbueiar^* 
system^  we  may  discover  a  stale  of  things^  which 


aod  sateliites  are  compoaed»  is  esaentiallj  diftreni 
iiDiD  terrestrial  matter;  and  the  difiereoce  mint 
be  such,  that  it  would  require  an  organisation 
and  constitution  of  tbe  inhabitants  (if  they  be  in* 

habited),  altogether  so  unlike  what  we  are  ac- 
quaiiitLcl  with,  that  we  are  as  i!K\i,>able  of  fonninjir 
any  distinct  idea  respecting  them,  as  a  blind  man  is 
of  forming  an  idea  of  colours.  This  may  be  clearly 
interred  from  the  ditllrent  density  of  the  planets 
'i'iie  density  of  Satuni  is  stated  by  astronomers  to  be 
about  one  tentli  that  of  the  earth,  or  scarcely  halt* 
the  denritv  of  pure  water.  Most  of  the  Sstumian 
metaJs  and  mineiab  must  be  lighter  than  cork  wood ; 
and  no  fluid  like  water  can  exist  any  where  but  in 
the  centre  of  the  phmet  But  Saturn  has  an  atmo- 
sphere  and  variable  clouds  or  belts ;  it  must  therefore 
have  a  fluid  on  its  surface,  that  performs  the  functions 
of  water ;  yet  this  fluid  must  be  chemically  and 
essentially  different  from  water,  or  from  any  liuid  on 
our  earth.    The  properties  of  matter,  and  the  laws 
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of  definite  proportion,  cannot  be  the  same  on 
Satuni  as  upon  the  earth,  and  it  is  highly  probable, 
that  different  senses  would  be  required,  to  make 
these  properties  perceptible.  If  from  the  body  of 
Saturn  we  turn  our  attention  to  the  double  ring  by 
which  it  is  surrounded^  we  must  admit  a  former 
condition  of  that  planet,  which  can  never  return, 
by  any  known  secondary  causes  in  present  operas 
tion.  Thus  both  geolo^  and  astronomy  lead  us  to 
acknowledge  a  first  Almighty  cause,  and  a  commence- 
ment of  the  present  order  of  things,  dependent  upon 
his  will. 

In  offering  the  preceding  remarks,  I  have  not  been 
influenced  by  a  desire  to  oppose  the  opinions  of 
others,  but  to  support  wliat  appears  to  me  to  be  the 
truth. 

I  shali  now  take  leave  of  the  reader  in  the  words 
with  which  the  former  editions  were  concluded* 


It  may  be  right  to  advert  to  an  enquiry  that  has 
frequently  been  made—  What  advantage  can  he 
denved Jrem  the  siudy  of  geology  f 

The  value  of  every  science  must  ultimately  rest 

on  its  utility  :  but  in  making  the  estimate,  we  ought 
not  to  be  guided  alone  by  the  narrow  view  of 
immediate  gain.  The  material  universe  appears 
destined  to  answer  two  important  purposes  :  the  first 
of  which  is  to  provide  for  the  physical  wants  of 
its  various  inhabitants.  Now,  in  relation  to  this 
purpose,  the  science  which  teaches  us  the  structure  of 
the  earUl,  and  where  its  mineral  treasures  may  be 
found,  can  scarcdy  be  deemed  devoid  of  utility,  by 
a  nation  diving  so  much  of  its  comfort  and  wealth 
fiom  its  mineru  resources.  But,  beside  supplying 
our  physical  wants,  the  external  universe  is  destined 
to  answer  a  nobler  purpose ;  its  various  olqects 
appear  intended  to  excite  our  curiosity,  and  stimu- 
late  our  intellectual  powers,  to  the  discovery  of  those 
laws  by  which  the  successive  events  we  observe  in 

E  a 
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iiatLiic  are  p;ovci  lacl.  Without  this  excitement,  man 
would  lor  ever  remain  the  mere  creature  of  animal 
sensjition,  scarcely  advanced  above  the  beasts  of  the 
Ibrest,  and  the  universe  would  be  to  him  a  mute 
and  unmeaning  succession  of  forms,  sounds,  and 
colours,  without  connection,  order,  or  desio^n.  In 
those  sciences  which  have  attained  the  iiighest 
degree  of  perfection,  the  skill  the  Creator,  and 
the  ends  aod  uses  ot^  the  different  parts  are  most 
apparent    Geology  has  not  yet  made  auffiaent 

Progress  to  carry  us  &r  in  this  path  of  enquiiy; 
ut  we  see  enough  to  discover,  that  the  apparent 
disorder  into  which  the  strata  on  the  surfiice  of  the 
globe  are  thrown,  and  the  inequalities  which  it  pre- 
sents, are  absolutely  necessary  to  its  habitable  ocmdi- 
tion.  The  distribution  of  its  mineral  treasures, 
and  particularly  of  coal,  to  the  cold  and  temperate 
regions  ol'  the  i^lobe,  is  well  deserving  attention, 
and  imphes  a  prospective  regard  for  the  wants  of 
civilised  man  :  but  a  cold-hearted  philosophy,  under 
the  sanction  of  a  quaint  expression  of  Lord  Bacon*, 
Jias,  (to  use  tlie  words  of  Dugald  Stewart)  "  made 
it  fashionable  to  omit  tin*  consideration  of  final 
causes  entirely,  as  inconsistent  with  the  acknow- 
ledge<l  rules  of  sound  philosophising.  The  eti'ect 
of  this  has  been  to  divest  the  study  of  nature 
of  its  most  attractive  diarms,  and  to  sacriBoe  to  a 
fidse  idea  of  logiad  rigour,  all  the  moral  impressions 
and  pleasures,  which  physical  knowlec^  is  fitted 
to  yield/* 

Greok^y  discovers  to  us  proofe  of  the  awful  revo* 
hitians  which  have  in  former  ages  changed  the 
surface  of  the  globe,  and  overwhelmed  itsinhiAiitaiils : 

it  reveals  to  us  the  forms  of  strange  and  unknown 
animals,  and  unfolds  the  might  and  skill  of  creative 
energy,  displayed  in  the  ancient  world:  indeed, 
there  is  no  science  which  presents  objects  tliat  so 
poweifuUy  excite  our  admixation  and  astonishment 

*  <«Caimrum  Snalium  inquiritio  sterilu  est,  et  tanqnam  viigo 
Deo  comecmta  nihil  parit" 
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We  are  led  almost  irresistibly  to  speculate  on  the 
past  and  future  condition  of  our  planet,  and  on  man 
its  present  inhabitant.  What  various  reflections  crowd 
upon  the  mind,  if  we  carry  back  our  thoughts  to  the 
time  when  the  surftce  of  our  globe  was  agitated  by 
conflicting  elements,  or  to  the  succeeding  intervals 
of  reposCf  when  enormous  crocodilian  animals  scoured 
the  surftce  of  the  deep,  or  darted  through  the  air 
for  their  prey ;  — or  again,  to  the  state  of  the  ancient 
continents,  when  the  deep  silence  of  nature  was 
broken  by  the  bellowings  of  the  mammoth  and  tlie 
mastodon,  who  stalked  tlie  lords  of  the  former  world, 
and  perished  in  the  last  grand  revolution,  that  pre- 
ceded the  creation  of  man.  Such  speculations  are 
somewhat  humbling  to  human  pride  on  the  one 
hand,  but,  on  the  other,  they  prove  our  superiority 
over  the  rest  of  the  animal  creation ;  for  it  has  been 
regarded  by  the  wisest  philosophers  in  ancient  times, 
as  a  proof  A'  the  high  future  destmy  of  man,  that  he 
alon^  of  all  terrestrial  animals,  is  endowed  with 
those  powers  and  Acuities,  which  impel  him  to 
speculate  on  the  past,  to  anticipate  the  future,  and  to 
extend  his  views  and  exalt  his  hopes,  beyond  this 
visible  diurnal  sphere. 


The  following  observations  on  the  study  of  geology,  taken  from 
Professor  Sedgwick's  truly  eloquent  address  to  the  Geological 
Society  of  London,  in  1831,  are  so  just  and  beautiful,  and  are 
AO  closely  related  to  what  I  have  before  stated,  that  I  am  certain 
my  leaden  will  be  highly  gratified  by  their  insertion. 

If  I  believed  that  the  imagination,  the  feelings,  the  active  intel* 
leetaal  powen  bearing  on  the  busineia  of  life,  and  the  highest 
capacities  of  our  nature  were  blunted  or  impaired  by  the  study  of 
our  science  (Geology),  I  should  then  regard  it  as  little  better 
than  a  moral  sepulchre^  in  which,  like  the  strong  man,  we  were 
buryine  ourselves  and  those  around  us,  in  ruins  of  our  own  creat- 
hug.  But  I  believe  too  firmly  in  the  immntable  attribotea  of  that 
Beinj^  in  whom  all  truth,  of  whatsoever  kind,  finds  its  proper 
resting  plac^  to  think  that  the  principles  of  physical  and  moral 
truth  can  ever  be  in  L'U'ting  collision.  And  as  all  the  branches  of 
physical  science  are  but  ditierent  modifications  of  a  few  simple  laws, 
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•nd  are  boond  together  hf  the  Inteirention  of  oonmoa  oljeete  tod 

common  princi})1(  s ;  so  also,  theie  are  links,  less  visible^  »^dfw»^ 
but  not  1(  S3  n  al,  by  which  thej  afealao  bound  to  the  moot  eterated 

moral  spurulations. 

"  Geology  lends  a  great  and  unexpected  aid  to  the  doctrine  of 
final  causes ;  for  it  has  not  merely  added  to  the  cumulative  aigu- 
ment,  by  the  supply  of  new  and  striking  instances  of  mechanioal 
structure  adjusted  to  a  purpose,  and  that  purpose  aocomptiahed; 
but  it  has  also  proved,  that  the  samo  porvading  princij^ey  manifest- 
ing its  powers  in  our  times,  has  also  manifested  its  pmrer  in 
long  anterior  to  the  records  of  our  existence.*' 
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A. 

AN  INDEX  OUTUHB  OFTHB  OEOL06T  OF  ENGLAND. 

The  outline  of  the  geology  of  England,  and  the  map  that 
acoompanied  it,  given  in  die  first  and  second  editions  of  this 
work,  presented  (the  author  believes)  the  fint  distinct  general 
view  of  the  geology  of  England  that  had  ever  been  numished ; 
and  though  several  parts  of  our  island  have  since  been  more 
fully  examined,  the  examinations  have  confirmed  the  correct- 
ness of  the  leading  facts,  stated  in  the  eilitions  of  1 813  and  1 81 5. 
The  author  has  subsequently  revisited  a  considerable  part 
of  England  and  Wales,  and  collected  materials  for  a  more 
ample  detail  of  their  geology,  which  at  one  time  he  had  in- 
tended to  publish. 

This  index  'outline  will  serve  to  explain  tlie  map  and 
sections,  by  references  to  the  chapters  where  the  different 
classes  of  rock  ai'c  described. 

In  tracing  the  great  outlines  of  the  physical  geography  of 
continents  and  islands,  we  may  generally  perceive,  that  Uiey 
are  determined  by  the  ranges  of  primary  and  transition  monn- 
tains  that  traverse  them :  i&te  have  been  compared  to  the  skel^ 
tons,  on  which  the  other  parts  of  a  country  are  constmcted.  * 

Tlie  length  of  Britain  is  determined  by  different  groups  of 
mountains,  which,  viewed  on  a  laige  scales  may  be  regarded 
as  one  mountain  range,  extending  north  and  south  (with  its 
ramifications)  along  the  western  side  of  England  and  Walesa 
from  Cornwall  to  Cumberland,  and  from  thence  to  the  northern 
extremity  of  Scotland.  Ail  die  highest  mountains  in  England 
and  Wales  are  situated  in  thb  range,  which,  in  reference  to 
our  island,  may  be  called  the  great  Alpine  chain.  This  chain 
is  internintcd  by  the  intervention  of  tiie  Bristol  Channel,  and 
again  by  tlie  low  grounds  of  Lancashire  and  Cheshire,  which 
divide  it  into  three  groups  or  ranges ;  these,  for  the  sake  of 
distinction,  may  be  denominated  the  Devonian  range,  the 
Cambrian  range,  and  the  Cumbrian  or  Northern  range, 
lliey  form  the  Alpine  dislricts  of  England  (coloured  red  in 
the  map).  The  mountains  of  the  great  Alpine  chain  from 
Cornwall  to  Cumberland,  are  composed  of  primary  rocks  and 
of  other  rocks,  which  belong  chiefly  to  the  class  of  transition 
rocks,  described  in  Chaps.  V.  VI.  and  VIL   Those  parts  in 
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winch  the  primary  rocks  chiefly  occur,  are  shaded  bj  liiie& 
In  some  few  parts,  east  of  the  Alpine  district  the  priaaiy 
and  transition  rocks  also  make  their  appearance^  uocovcfcd 
by  the  secondary  strata.  A  range  of  primary  and  transition 
mountains  appears  once  to  have  extended  from  the  Deronian 
range.  In  a  north-east  direction^  into  Derbydiire;*— the 
transition  and  basaltic  mountains  of  that  oountv,  the  Charo- 
wood  Forest  hills,  the  si  en  i  tic  greenstone  of  Warwickshire^ 
the  transition  rocks  of  Dudley,  the  Malvern  Hills,  and  the 
trap  rocks  of  Gloucestershire^  Somersetshire^  and  Devonshirc^ 
were  probably  parts  of  one  range,  and  were  much  lolUer 
than  at  present.  It  may  deserve  notice,  that  the  granitic 
rocks,  in  this  ranfrp,  are  closely  allied  to  rocks  now  generally 
supposed  to  be  of  igneous  origin. 

It  was  this  north-west  range,  that  appears  to  have  deter- 
mined the  extent  of  our  island  in  that  direction,  and  lo  liave 
formed  the  western  border  of  an  ancient  sea  or  lake,  in  wiiich 
the  upper  calcareous  strata  of  the  midland,  eastern,  and 
southern  counties  were  deposited.  It  also  appears  to  have 
determined  the  extent  of  the  upper  calcareous  struia,  tliai 
cover  the  eastern  side  of  England,  and  are  boundeci  by  tlie 
line  AAA.  This  boundary  marks  the  direction  of  a  rani^ 
of  calcareous  hillsy  that  extends  through  England  in  a  waving 
line*  ftom  the  western  extremity  of  Dorsetahirev  to  the  eastern 
side  of  the  county  of  Durham.  East  of  this  line,  there  are 
no  beds  of  good  mineral  coal  in  any  part  of  England.  Be- 
tween the  line  A  and  the  Alpine  distrkts  (cokNired  red), 
we  ha^e  the  under  secondary  strata  (coloured  green).  All 
the  principal  coal  formations  in  England  occur  in  diflerent 
parts  of  this  district,  which,  for  the  sake  of  distinctioni  we 
shall  call  the  middle  district:*  it  is,  however,  partly  covefed 
by  beds  of  red  marl  and  sandstone.  The  upper  axharttm 
duirktf  east  of  the  line  a  a  a  (and  coloured  yellow  in  the  mapX 
is  in  some  parts  covered  with  beds  of  clay  and  sand  of  a  more 
recent  formation,  belonging  to  the  tertiary  strata:  they  are 
coloured  brown,  and  are  bounded  in  the  map  by  the  lines 
oouo.  Other  low  jmrts  of  this  district  are  coverefl  by 
alluvial  depositions,  atid  marked  111.  The  upper  calca- 
reous formations,  coloured  yellow,  are  described  in  Chaps. 
XIII.  XIV.  and  X\'.  The  tertiary  beds  are  described  in 
Chaps.  XVII.  and  XVIII. 

England  and  Wales  may  thus  be  divided  into  three  geo- 

•  The  coal  formation  may  be  classed  with  the  upper  scries  of 
transition  hpih  ;  but  its  mineral  charaetcrs,  and  its  terrestrial  and 
I'resli  uatcr  organic  remains,  may  pro^>erly  entitle  it  to  form  a 
separate  geological  division. 
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logical  districts :  the  Alpine  district,  consbting  of  primary 
and  transition  rocks, —  the  Middle  district,  comprising  the 
coal  formation  and  the  secondary  strata  of  new  red  sand- 
stone, —  and  the  Upper  Calcareous  district,  comprising  the 
lias,  ilie  oolite  and  chalk  formations ;  the  latter  partly  co- 
vered bv  tertiary  formations.  Kach  ot  these  districts  has  its 
appropriate  characters  and  mineral  productions.  In  order  to 
give  the  reader  a  clear  idea  of  the  relative  jwsition  of  the 
rocks  and  strata  of  these  three  divisions,  let  him  lake  three 
sheets  of  paper,  and  cut  out  the  tbrm  of  England  in  eaclu 
Let  the  lower  sheet  be  red ;  cover  this  with  green  paper, 
eutting  out  all  the  parts  on  the  western  aide,  which  will 
k«re  the  ports  niarked  wed  in  the  map  uneoveredi  and 
also  the  small  parts  where  ^  Malvern  Hills  and  Cham* 
wood  Forest  huls  are  sitoated*  Cut  out  the  third  sheet  of 
jrdlaw  paper»  so  that  its  edge  mav  correspond  with  the  line 
AAA.  Then  cut  out  pieces  of  darker-eoloiired  paper,  and 
place  them  over  the  parts  marked  2  12  fi^  fer  the  tertiary 
strata;  and  place  dark  patches  on  the  parts  marked  1  1  1,  fiir 
alluvial  and  diluvial  diepositions ;  raise  the  western  edge  a 
little,  80  as  to  make  the  sheets  of  paper  incline  to  the  south- 
east ;  —  and  we  shall  then  have  a  model  of  the  geology  of 
England,  which  would  be  more  complete,  provided  we  could 
raise  the  parts  marked  ri  d  above  the  level  of  the  green  pa()er. 
The  red  paper,  which  spreads  unckr  ihu  wliole,  and  represents 
the  primary  and  transition  rocks  ol  Uie  Alpine  districts,  may 
be  conceived  to  extend  under  the  sea,  and  to  rise  again  in 
Ireland,  France,  Sweden,  and  Gemiany,  and  thus  to  be  con- 
nected with  all  the  granitic  ranges  of  the  old  continenL  It 
is  scarcely  requisite  to  remark,  that,  in  presenting  a  general 
view  of  the  an  angement  of  the  ditlerent  classes  of  rocks  in 
iliis  manner,  the  partial  wavings  or  irregularities  of  the  strata, 
and  the  inequality  of  surface,  presented  by  hills  and  valleys, 
most  be  necesnunly  disregarded. 

The  primary  rocks  of  England  and  Wales  are  doseribed  in 
varioBS  parts  of  Chaps.  V.  and  VI.  in  the  present  volunie. 
The  transition  rocksy  indudmg  mountahi  liroestone»  are 
described  in  Chap*  VII.  The  coal  formations  in  England* 
within  the  middle  district  (coloured  green  in  the  map),  extend 
on  the  eastern  side  of  Northumberland  and  DurhanOy  fimn 
Berwick-on-Tweed  to  the  river  Tees ;  but  from  thence  to  the 
river  Air  (near  Leeds),  only  the  lowest  beds  of  die  coal  for- 
mation occur,  which  contain  but  little  workable  coal.  The 
Yorkshire  and  Derbyshire  coal-field  commences  a  little  north 
of  Leeds,  and  extends  in  breadth  cast  and  west  about  twenty- 
iive  niilesy  from  Hahlax  to  Abber£ord»  and  in  lei^th  about 
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seventy  miles,  from  Lee<is  to  near  Nottingham  and  Dt?rby. 
Tlie  breadth  decreases  southward,  being  little  more  than 
twelve  miles  in  D«»rbyshire. 

South-west  oi  Derbyshire,  there  are  a  few  small  ccKil-tields 
near  Ashby-de-la-Zouch,  and  near  Tamworih,  Atlier.>tone, 
and  Coventry.  The  latter  coal-field,  is  the  most  southern 
shoatkm  in  whkh  mineral  cod  has  been  dSacovered  in  tbe 
■udland  counties. 

On  the  north-west  side  of  England,  there  is  ft  smstt  oodl- 
Md  bordering  the  sea  in  Cumberland^  wbidi  extends  lioai 
Whitehaven  to  the  north  of  Bfaiyport.  This  eoal-lield, 
though  small  in  extent,  contains  seven  beds  of  escdlent  vporfe^ 
abJe  coal.  From  its  contiguity  to  the  sea,  and  its  remotencB 
6om  other  coal-fields,  it  may  be  considered,  in  pro{K>rtion  tu 
its  extern^  as  oneof  the  most  valuable  coal  districts  in  England 
In  one  mine,  the  coal  is  worked  at  the  depth  of  298  yards. 
The  workings  of  some  mines  have  been  extended  under  the 
sea.  The  next  considerable  coal-field  is  tliat  of  l^ncashire: 
it  is  separated  from  the  Yorksliire  coal-field  by  a  ran  ire  of  lofty 
hills,  on  the  borders  ot  the  two  counties,  extending,  on  tlie 
west  side  ol"  Colne,  to  Blackstone  Etlge,  and  from  thence  to 
Axe  Edi^e,  on  tlie  border  of  Derbyshire.  These  h\\U  are 
principally  composed  of  millstone  grit  and  shale,  but  are  not 
covered  by  coal  strata.  On  the  western  side  of  thei^e  hill>, 
the  coal  strata  of  the  Lancashire  coal-field  commence,  dipping 
westward;  but  they  are  broken  and  deranged  by  numerous 
faults.  The  principal  beds  of  coal  are, —  one  of  six  feet  in 
thickness,  and  a  lower  one  called  the  three-quarter  bed.  In 
some  parts,  the  sandstone  strata  are  of  a  deep  red  edour. 
The  brewlth  of  itm  coal-field,  from  Macclesfield  to  Oldham, 
does  not  exceed  five  or  six  miles;  but  from  Oldham  it  extends 
westward  to  Presoot^  near  Liverpool,  and  from  Brescot  it 
extmds  in  a  north-east  direction  to  Coiner 

Not  fiir  from  the  southern  extremity  of  the  Lancashire 
coal-fielt]^  there  is  a  small  but  valuable  coal  district,  which  sup- 
plies the  potteries  near  Newcastle  in  Staffordshire :  this  may 
properly  be  considered  as  an  extension  of  the  Lancashire 
eoal-field.  The  next  important  coal-field  is  that  of  Dudley 
and  Wolverhampton :  it  is  about  twenty  miles  in  lengtli,  and 
varies  in  width  frcmi  four  to  seven  mile?.  Tt  contain^  the 
thickest  bed  of  coal  in  (ireat  Britain.  (See  pige  168.)  There 
is  a  narrow  ro.il-fiold  on  the  north-eastern  border  of  \N'ale?, 
extendin*'  iVoin  Mostvii  in  Flintshire  to  Chirk  in  Denbigh- 
shire.  Tliere  are  also  a  few  smaller  coal-fields  on  the  norlh- 
ejtstern  &ide  ot'  lleretord^iiiie,  which  extend  into  Shropshire. 
The  Ciee  iiiils,  near  Ludlow,  contain,  on  tlieir  sides,  two  ox 
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three  small  detached  coal  ba«iii«.    The  summits  of  these  lo&y 
hills  are  capped  with  basalt. 

The  coal  basin  of  the  Forest  of  Dean,  is  the  next  consider- 
able repository  of  coal :  it  presents,  perhaps,  the  most  perfect 
model  of  a  coal  basin  of  any  in  Great  Britain ;  the  coal  strata 
occupy  a  space  of  about  ten  miles  in  length,  and  six  in  breadth: 
the  millstone  grit  and  the  transition  limestone  on  which  they 
lie,  may  be  distinctly  observed  cropping  out,  on  its  northern 
and  western  boundary. 

•  In  SomeiBetahire  and  Qloacestenhire  there  is  a  consider- 
aUe  coal-field  on  each  side  of  the  riyer  Avon :  its  greatest 
extent  is  about  twenty  mfles,  and  its  greatest  ascertained 
breadth  about  eleven  miles;  but  it  is  covered  in  many  parts 
by  die  secondary  strata,  consbting  of  red  marl  Bnd  lias,  Tlie 
deepest  coal  mine  in  England  is  in  this  coal-fidd;  the  depth 
of  tlie  pit  at  Redstock,  near  Bath,  being  409  yards. 

The  greatest  lepoaiuxry  of  coal  in  our  island  is  that  which 
extends  on  the  northern  side  of  the  Bristol  Channdy  100  miles 
in  length,  and  varying  in  breadth  from  five  to  twenty  milesi 
p.  165. 193,  Further  information  respecting  many  of  the 
English  coal-fields  will  be  found  in  Chap.  VIII. 

A  considerable  part  of  the  middle  district  (coloured  green 
in  the  map),  which  is  not  occupied  by  the  coal  formations 
above  enumerated,  is  covered  by  the  red  marl  and  sandstone, 
described  in  Chap.  XII.  As  the  sandstone  of  this  formation 
often  covers  tlie  coal  strata,  it  becomes  an  object  of  great 
interest  to  landed  proprietors  in  the  midland  counties,  who 
have  estates  at  no  great  distance  from  t\w  coal  districts,  to 
ascertain  whether  coal  may  not  extend  ufidcr  the  red  marl 
and  sandstone.  Some  observations  on  this  subject  are  given 
(pages  187*  and  188  ),  which  the  author  is  persuaded  deserve  . 
the  attention  of  landed  proprietors.  The  search  for  coal 
under  the  red  marl  and  sandstone  in  Somersetshire  has  been 
eminently  successful;  and  coal  has  in  some  instances  been 
found,  by  sinking  through  both  lias  and  red  sandstone^ 

The  principal  reposttoriee  of  rock  salt»  and  the  strongest 
springs  of  brine,  are  situated  in  the  red  marl  of  Cheshire^ 
and  near  Droitwicli,  in  Worcestershire.  (See  pages  287.  and 
288.)  In  this  formation  the  principal  beds  of  gypsum  are 
found:  it  is  frequently  associated  with  rode  salt.  (See 
Chap.  XII.) 

One  of  the  most  remarkable  features  of  the  middle  dis- 
trict, is  the  occasional  occurrence  of  various  rocks  (in  sUu)  of 
granite,  slate,  and  sienite,  belonging  to  the  class  of  primary  or 
transition  rocks :  they  rise  through  the  secondary  strata,  and 
appear,  hoai  various  circuiubtances,  to  have  once  occupied  a 
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considerable  portion  of  the  midlaiul  counties,  extending  from 
Leicestershire  to  Warwickshire,  Worcestershire,  GJouct.'sttr- 
tkint  Sonimetihire>  and  UmnabSue*   Tbe  secondary  strata 
of  Fagland,  from  Hm  to  chalk  (ooloured  vellow  in  ilia  map), 
an  pretty  my  deacribed  in  Chape.  XIIL»  XIV.,  and  XV. 
The  more  reeent  or  tertiary  strata  (eolonred  bfowa  in  the 
niap»  and  marked  2  2),  are  deMribcxl  in  Qiapa.  XVIL  and 
XVIIL   The  basalt  dyke  of  Clevehmd,  whksh  rnna  thcpi^ 
the  North  Riding  of  Yorkshire  into  Dodbam,  im  dcwibed, 
with  other  basaltic  rocks  in  Knghmd,  in  Cliap.  X^  and  the 
allovial  beds,  nuurked  111,  are  described  in  Chap.  XXI 1.  A 
description  of  many  of  the  mining  districts  of  y^ng^i^f  and 
Wales,  will  be  found  in  the  chapter  on  metallic  veins. 

It  now  remains  to  notice  the  sections  in  different  parts  of 
Bngland.  A  section,  to  possess  iiuich  vahie,  should  be  made 
as  nearly  as  possible  along  tlic  true  line  of  the  dij)  and  ri>e  of 
the  strata.  We  possess  no  true  line  of  dip  in  England,  which 
passes  through  all  the  different  classes  of  rock  ;  and  it  is  only 
misleading  the  reader,  to  represent  the  succession  of  rocks  out 
of  their  true  situation.  The  section  of  the  secondary  strata, 
with  a  small  portion  of  the  tertiary,  given  at  page  '2;i4.,  repre- 
sents the  succession  of  the  different  secondary  formalious, 
from  clialk  to  the  lowest  new  red  sandstone,  taken  in  a  line 
from  the  chalk  hills  nortli-west  of  Loudon,  to  the  transition 
rocks  south  of  the  Malvern  HiUs,  in  HerefiMrdshirek  But  in 
this  liiie^  the  lower  red  sandstone^  and  magnesian  IhncHanr 
are  wanting. 

If  we  dmw  another  luie  across  England,  through  Dniham 
and  Cumberland*  from  die  German  Ocean,  near  Sander^ 
land,  to  the  Irish  Channel  (see  die  section,  Plate  VIL),  we 

may  observe  the  magnesian  limestone  A  fbnns  the  uppermost 
rock  of  the  series ;  all  the  secondary  strata  above  this  fomn 
ation  are  here  wanting ;  it  is,  however,  probable,  that  they 
may  once  have  extended  into  the  Grennan  Ocean,  in  the 
order  represented  at  page  '234.  The  magnesian  limestone  s, 
lies  unconformably  upon  the  coal  strata,  which  rise  to  the 
west,  B  n  ;  at  x  the  strata  are  broken  by  the  Burtreeford  Ba- 
salt Dyke,  c  c  re|)resents  the  lower  beds  of  the  coal  strata, 
with  mountain  limestone;  they  terminate  at  the  mountain 
called  Cross  Fell,  5.  The  lower  part  of  this  mountain  is 
composed  of  mountain  limestone  atid  greywacke;  a  little 
to  the  west,  the  beds  are  broken,  by  nearly  vertical  beds  of 
trap  and  sienite.  In  the  Vale  of  Eden  is  Penrith  Beacon,  4. 
This  vale  is  covered  by  beds  of  conglomerate  and  red  siuid- 
stonc.     The  lofty  mountains,  e  e,  that  surrountl  the  lakes  of 

Cumberland  and  Westmoreland,  are  skirted  by  beds  of 

14 
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mountain  limestone;  but  the  higher  moantainB  are  chiefly 
composed  of  slate,  felspar-porphyry,  and  grevwaekeb  Qtar 
nite  occurs  at  the  base  of  Skiddaw  and  Sftddfehark,  and  «t 
Goldhaek  Fell.  1»  Is  Stt  Fell,  the  highest  mountain  in  this 
group;  Skiddaw;  and  Hdvelljn.  Farther  vest  w 
come  upon  die  coal  strata  of  Whitehaven,  dipping  west^  and 
coiFered  by  nneonfoimable  secondary  strata.  Some  of  the 
more  lemarkable  rocks  in  the  mountains  round  the  lakes,  wte 
described  in  Chap.  VII.  Plate  II.  fig.  4.  represents  the  ar- 
rangement of  the  strata  in  the  central  part  of  England,  passing 
in  a  line  nearly  east  and  west,  through  the  low  granite  range 
at  Charnwood  Forest,  in  Leicestershire :  c,  on  the  right- 
hand  side  of  the  plate,  represents  lias,  resting  on  red  marl 
and  sandstone,  a.  The  granite  and  slate  rocks  are  represented, 
bbeCi  partly  covered  by  horizontal  beds  of  red  marl  and 
sandstone:  d  d  are  the  coal  strata,  near  Whitwick,  much 
elevated  as  they  approach  the  Forest  Hills,  A  little  out  of 
the  line  of  section,  arc  represented  the  elevated  beds  of  moun- 
tain limestone  at  Breedon  and  Clouds  Hill,  part  of  which 
limestone  is  continued  to  the  Forest  Hills  at  Grace  Dicu. 
For  a  more  particular  account  of  this  section,  see  Chaps. 
XI.  and  XXIII.;  and  for  an  account  of  the  sections  near 
Dudley,  in  Staffordshire,  see  Chap.  VIL 

This  brief  sketch  of  the  geology  of  England,  with  the  re- 
ferences to  the  map,  sections^  and  chapters  in  this  volume^ 
may  suffice  to  give  the  reader  a  general  view  of  the  geology 
of  England,  and  die  situation  of  iu  principal  mineral  reposi- 
tories. I  shall  subjoin  an  account  of  the  thermal  waters  of 
England,  and  of  a  few  celebrated  thermal  waters  on  the  Con* 
tinent,  and  a  table  of  the  height  of  mountains. 


Temperahxre  of  the  Thermal  WaUrs  in  England^  and  Mtme 

oUter  Farts  of  Europe. 

Fabrenheit. 

Bristol  74- 

MaUock  -  .  -  -  -  66 
Buxtou  «  -  -  -  -  82 
Bath       -      -      -        112' and  116 

Vichy  (Auvergne)  -  120 
Carlshad  (Bohemia)  -  -  -  -  165 
Aix  la  Chapelle  (Flanders)  •  -148 
Aix  les  Bains  (i^avoy)  -  »  -  -  117 
Lcuk  (in  the  Haut  Valais)  -  117'  to  126 
Bar^  (South  of  France)    -    .  -  120 

For  an  accouut  of  the  thenual  waters  in  the  Alps,  sec  p.  623 
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B. 


HEIGHT  OF  MOUNTAINS 

H€ijfht  of  tome  9/  tkt 


Arbury  Hill, 

kliire  .  .  . 

Arran     Fowddj,  Merionetlt- 

Arrenig,  Merionethshire 
Ax«dge,  Derbyshire 
Bagihot  Hm^  Sumy 

IJe.icons,  Brecknockshire 
Bardon  UiU*  Lcicestenbire 
Beachy  Head,  Susmx  • 

Black  Do 

3titley  Hill,  Surrey 
Bow  Fellf  Cumberland 
Bimdwiqr    Bmcoo,  Glouoes- 

tcrsliirc  - 
Brown  Qee  Hill,  Shropshire 
Cader  Fenryn,  Merionethshire 
Cader  Idris,  Merionethsliire  • 
Cat'rjTi.irthen    Vau,  Caermar- 

thenshire       .        .  • 
CShb  Fell,  Yovkahire 
Capcllante,  B rock ncxrk shire 
Carnedd    David,  Caemanroo- 

ahire 

Carnedd  LieweUyn, 

vonsiiirc       -  .  - 

Carraton  Hill,  Cornwall 
Cheviot,  Northumberiaod 

Coniston  Fell 

Cordon  Beacon,  Devonshire 
Cradle   Mountain,  Brecknock* 

shire  -  -  - 

Crovs  l\'ll,  Cumberland 
Crowborougb  Beacon,  Sussex 
PicMing  Bwwon,  Bum&x 
Dover  Castle,  Kent 
Dundry  Beacon,  Somersetshire 
Dunnose,  Isle  uf  Wight 
Dwggan,  near  Buikh, 

nockshire 
EpweU  Hill,  Oxford 
PaMiglit,  down  Sumez 
Parley  Down, 

Gloucestershire  • 
Firle  Beacon,  Siuwx 
Grasmere  Fell,  Cumberland  • 
(irecinvich  Obscrv'atory,  Kent 
UomiuUead  Heatli,  Middlesex 
H«tiwraedfs^  Derbyshire 
I Icdgehopc,  Northumberland 
Helveilyo,  Cumbcrbmd 


near  Bath* 


804 

S955 
2809 
1751 
469 

S862 
853 
564 
817 
880 

2911 

lose, 

1805 
2563 
2914 

2596 
S945 
S394 


-  8427 

3469 
1S08 
9658 

2577 
1792 


2545 
2901 
804 
858 
469 
1668 
792 

2071 
836 
599 

700 
RSO 

2756 
214 
427 

isn 

2347 
3055 


Hensbarrow  Beacon,  Cornwall 
Highclere  Beacon,  Mampshirv 
High  Pike,  Cumberland  • 
Holme  Moss,  Derbyshire 
Holyhead  Mountain,  An^lese* 
Incleborough  Hill,  VorL:^ire 
Inspeo  Beacon,  Hempehiro 
Kit  Hill,  ComwaU 
Leith  Hill,  Surrey 
Landinan   Mountain,  Mootgo- 
raery  .  _  • 

Llangeinor  Mountain,  Glamor- 
ganshire - 
Long  Mount  Forest,  Shrop- 
shire        -  -  - 
Long  Momtaio,  Moo^omeiy- 
shirc           _           «  - 


900 
flOl 

1559 

:o9 

2551 
1011 

1067 
9di 

im 
w* 

1390 


1715 
1444 
J84S 
WK 
980 
J80S 


Lord's  Seat,  Derbyshire 
^ra1\Lrn  Hill,  Worce^^tcrsliirc 
Mocl  Fammau,  Deubi^bsliire 
IGne  Stenderda^  Wesimunhni 
Orpit  Heights,  Dcrhysliire 
Pcndle  HUl,  Lancashire 
Penmaen    Maur,  Oiemarroo- 

shire  -  -  -  1540 

Peniiigent  Hill,  Yorkshire  - 
Pillar,  Cumbeiland         -       -  »^ 
riynllmflMMi   Moontda,  Cer» 

'li;^anshire  -  -  t46S 

Iladiior  Forest,  Radnorshire  H6S 
Kippon  Tor,  Devonshire  • 
Uivel    Mmmtfiw^  Ceerurvoo- 

sliire  -  -  -  1888 

Rivingtun  Hill,  Lancasliire  - 
Rodney's    Filler   (Base  tif\ 

ISIont^romery        -        _  - 

lioscberry  Topping,  Yorkshire 

Rumbles  Mocmt,  Yorksliire  • 

Saddleback,  Cumberland 

Sea  Fell  (High  Pouit),  Cum- 
berland ... 

8iioofcr*s  Hin,  Kent 

Shunnor  Fell,  York«;hire  • 

Skiddaw,  Cumberland 

Snee  Fell,  Isle  of  Man 

Snowdon,  Caemarvonshim 

Stow  Hill,  IlerefonUhirc 


1199 
8787 


5188 
.  448 

.  23J9 

-  SOS« 
.9004 

-  3571 
.  1417 


Stow<on-the< 
thin 

Trt'parron 
shire 


■  Wold,  G  loucestcc^ 
DOWQ, 


•  88S 

1747 
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•  Fetl. 

\Vendom  Down,  BiHiWn^hMD» 

slurc  -  •  905 

Whernadey  in  logletou  Feil^ 


Feet. 

Whernside,  in  K«ltl«wdl  Dale, 

Yorkshire  -  .  .  3955 
White  Uorae  UiU,  Berkshire  898 
Wrekiii»  Sfaiopdiira      .      .  isflo 


Mowwiiiiii  III  flVffhml. 

Of      hci^  of  tlw  monsildiu  In  North  Brhaui  I  bdiew  Aero  have  not 

Utherto  been  any  very  accurate  admeasurements  tiJien.  The  foQowfaig  am 
aane  of  the  moat  oonttdoaU^  with  the  heigbu  as  given  b/  difierent  writen  »— > 


Arthur's  Seat,  Edhlbui)^         -  810 
Salisbury  Craigs       .        -       •  550 
Hartfell,  Dumfries-shire,  (nip» 
poaed  by  Mr.   Jameson  the 
highest  in  the  south  of  Scot- 
huui        •        •       2800  or  3S04 


Gostficidi  lahnd  of  Arm  -  9945 

Benlomond,  Stirlingshire  -  -  3262 

Benlawers,  Perthshire      -  •  4051 

Ben  More,  Pertlishire      -  •  3870 


SehehaHicn        -      •  9881  or  9584 


The  most  soulhsm  of  <be  Paps 

of  Jura  ....  2359 
Mount     Battockf  Kincardine- 

shifo  ...  S450 

Caimgoriim         -  -  4050 

Ben-Nevis,  InTemess-shire       •  4380 
Maedui,  in  the  Grampians,  is 
statc<!,    by    late  admeasure- 
ments, to  be  60  feet  higher 
than  Ben-Kevis. 


Mont  Blanc       .  -       -       •  I5»584 
Mont  Ccrvin,  or  the  Matter- 
born         •  -  •  15,105 
Momt  Bow        •  -  15310 


Aiguille  de  G^t  m  •  19,964 
Aiguille  d'Argentiere  -  13,370 

The  Buet  ...  io,118 
Dent  dn  Midi         •>        -  10^500 


The  Fincstcrahorn 
The  Jungfrau  • 
The  Schreckhora 


.  14,907 

-  13,185 
.  12r879 


The  Eigar 

The  Monch  Eigcr 
The  Wetterhom 


-  12,520 
•  12,900 
.  19^190 


N.B.  AH  these  monntaias'nre  seen  from  the  dravefaTwd  at  Bamsw 


Mighui  UoimUuiu  m  atktr  Furt9  qfEmnpe, 


jNdrthern  Pyrcne^  .  -11,160 
Slant  IVrdu,  cUtto  -  -  10,950 
l^gne  Male,  ditto      -  -  10^945 

Le  Cyiindre,  ditto  -  -  10,880 
A'.tn:x,  Sicily  -  -  -  10^90 
Le  Uran  isasso,  in  the  Apen- 

■inn  ....  8455 
Mont  Vdino,  ditto       -      -  7860 


l/oucyra,  in  Dauphin^  .  I9|548 
Mont  M6sin«  tiie  Cevcnnes^ 

in  France             •  .  6700 

Mont  d'Or,  ditio          «  .  6I80 

Cental,  ditto              .  -  6150 

Puy  de  Ddme,  ditto  >  4750 

YoBuviua^  Naples  -  9800 

Mouiit  Athosyia  Grtsoe.  -  6780 


Very  fe«r  moimtdns  in  Europe,  north  <>f  the  AI|Mb  osoecd  tho  hc^  of  6000 
feet.  Some  of  the  mountains  in  the  ebaio  that  ospmatos  Norway  firaoi  Sweden 
rather  eioeed  that  lieight. 

tawut  JJmt  ef  Biemai  Sber* 

At  the  F^uator         -  -  15,720  I  In  Switrerland  •  -  8000 

Latitude  •         •  15,000 1  Latitude  65«  -  .  4800 

-    450  -    8900 1 
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jnMBges  Of  the  Jiip$  INK 

left  faMf  fi0Ki  \ 

1  — 

Feet. 

Fed. 

I^ssage  of  Mont  Cervin 

(only 

The  Little  St.  Bernard 

-  7300 

practicable  on  foot)  - 

-  11,200 

or  St.  Gothard     •  • 

or  f  tin   ViirL  n 

-  8300 

Of  Mont  Cenit 

i  nc  vrami  oi.  i>cmaru 

-    •  8IA> 

Of  the  Siinjilon 

The  Col  de  Ferret  • 

-  7000 

The  Col  de  Teode 

.  5680 

Port  d*Or 

-  9850 

Port  de  Caramie 

•  7C» 

Port  Viel  d'Eatamb^ 

-  8400 

PaM^  de  TouraMlaft 

-  7U0 

Port  de  Piaede 

.  &200 

fa 

6750  [  71m 
fa 


fHM4iK%'  to 


Hie  inanneleja  Mountaiiis,  in  Thibet,  are  Ibe  higtiif  at  promt  iouw^ 

except  two  in  Ui>pcr  Peru.  %v)iicli,  arcordinp;  to  Mr.  Pentland,  po«c^  m  rqtal 
altitiule.  Aocordin^  to  Dr.  Gerard,  in  the  Valley  of  Sulei,  among  the  Uiuus*' 
laja  Monntdiu,  there  !•  one  vilUge  1 4,700  iieet  above  tibe  Irnel  of  tbe  see.  That 
mountains  arc  pastured  by  the  Thibctiaa  goat*  Cnipa  of  lye  aie  mnvnit 
delation  of  14»900  ftet. 


WtmBMihja  Moontains,  from 

20.000  to  95|000 
Elbourz,  in  tbe  chain  of  the 

•      -  18^500 


LtlNinon        m         .  - 
Mount  Sinai        -  5000  to  flOOO 

Several  Islands  in  tbe  Indian 

«  lOyOOOielfl^ 


Mountains  of  Africa. 

Tl>e  geography  of  Afiricaia  too  little  known  to  afford  any  correct  account  oi 
ila  BMMintaiss :  those  of  AbjMfada  have  been  estimated  to  be  equal  in  height  * 
die  Alps  and  tbe  diain«f  Meant  Atfis  to  eqnal  tiie  Pjmma. 


IhePaafcarTcDeriA  -  -  18,898 


ChimboraaiH  QuitO 
Cotopaxi 
*minniffi  • 


SotUh  jimuriea. 

'    £2,700  I  •Soratc 
•     -    20,320    Antiaana,  Peru 

•  84|S50|  Vwd*Oriida»Mieiieo 

 very  lofty  momitafaa  wka  on  tbe  wartarit  eoait  of  Noith  

few  of  the  mountains  in  the  Apalachian  chaio^  OT  tbt  AlkghaHf 
riae  aOOO  leet  above  tbe  level  of  tbe  sea. 

nighttt  ftaUMAi  Awflv  ef  Me  GWa. 


-  2S,4O0 

-  520,680 
•  27,Sfi 


Hie  Farm  of  Antl«na»  Pent  18,800 

Citjrof  Micuipamba  -  11,850 

of  Quito         •         -  9520 

•Cilyof Ptmo  -         •    -  18,890 

^Potosi  Town        •         •  ls,n.'o 

Minaa    -       -     •  16«080 


"Utiaca  Lake  > 
•  Post-house  of  Titiaca 
City  of  Mexico 

Hospice  of  fit.  Gotboid  in  tba 
Swiaa  A^      .      •  • 


H,4<« 
7400 


Tbe  mountidiw  end  towna  mariced*  are  dtoatcd  in  a  chain  of  die  Aa^.^ 

Upper  Poni,  interior  to  the  great  western  cliain,  and  distant  from  tlic  PacjW 
350  miles  or  more.  The  table  land  between  the  two  chains  is  covered  with  crop' 
barley,  and  wheat.    In  this  table  land  is  sititated  the  Lake  of  Titii^ 
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C. 

ON  THE  THERMAL  WATERS  OF  THE  ALPS. 

This  paper  was  published  by  tlie  Author  in  tlic  "  Philoso- 
phical Magrazine  and  Annals,"  January  1827  ;  and  a  nearly 
similar  account  was  given  in  his  "Travels  in  the  Tarentaisc,* 
in  1823.  The  thermal  waters  of  the  Alps  had  before  been 
regarded  as  merely  local  and  unconnected  phenomena,  scarcely 
deserving  the  notice  of  geologists. 

When  ire  approacii  a  range  of  lofty  moimtaiiiSy  like  that  of 
the  Pennine  Alps,  and  observe  the  calcareous  strata  on  the 
outer  part  of  the  range  bent  and  contorted  in  various  direc- 
tions; when  -we  further  observe  beds  of  limestone  and  ptud* 
ding-stone  alternating  and  placed  in  an  derated  position,  as 
we  advance  to  the  central  part  of  the  range ;  and  that  the 
beds  of  granite  in  the  central  part  are  frequently  vertical ;  we 
leel  assured  that  their  present  contorted  or  vertical  position» 
is  not  the  original  one.  The  opinions  of  geologists  have  been 
much  divided  respecting  the  cause  or  causes  that  have  elevated 
mountains,  and  given  a  vertical  position  to  hods  that  once 
forme<i  the  bottom  of  the  ocean.  Tliose  who  maintain  that 
subterranean  heat  has  expanded  and  broken  the  solid  crust 
of  the  globe,  and  has  raised  from  vast  depths  the  ancient  bed 
of  the  ocean,  appeal  to  a  cause  that  is  known  to  exist,  and 
which  seems  sufficient  to  explain  most  of  the  various  appear- 
ances which  Alpine  regions  present. 

In  opposition  to  this  theory,  it  is  asserted  that  there  are  no 
remaining  vestiges  of  the  action  of  subterranean  fire  in  the 
Alps :  but  this  1  am  convinced  is  erroneous.  It  is  true  that 
from  near  the  source  of  the  Rhone,  to  the  foot  of  the  Little 
St  Benuurdf  there  does  not  occur  an^  known  roek  of  a  velcanic 
character,  with  the  doubtful  exception  of  some  rocks  in  the 
valley  of  Saas,  and  in  the  Valorsfaies.  I  have  examined  various 
parts  ^ji  this  range  on  the  northern  nde  of  the  highest  moui»- 
tains  in  the  Alps,  along  a  line  of  one  hundred  and  twenty 
miles;  and  though  I  could  discover  no  indications  of  the  ae* 
tion  of  subterranean  heat  in  the  rodcs  themsdves^  I  was 
greatly  surprised  to  observe  the  numerous  thermal  springs  thai 
are  abundantly  joshing  out  at  the  feet  of  the  primary  moun- 
tains, near  the  junction  of  the  mica-slate,  or  the  dark  schist, 
passing  into  the  mica-slate^  with  the  lowest  calcareous  beds  of 
that  vast  series  of  limestone  stratai  which  forms  the  outer  ranges 
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of  the  Alps.  Numenrag  m  theee  hot  springs  axe  on  the 
northern  aide  of  the  Alps,  and  not  unfrequent  on  the  aoodieni 
aide  also,  it  appeared  to  roe  remarkable^  tliat  they  had  hitherto 
been  regarded  as  isolated  phenomena ;  and  that  their  geologi- 
cal poeitkm  had  not  been  noticed.  It  is  true,  that  some  of  the 
warm  springs  in  the  Valais  and  Savoy  had  been  long  known 
and  visited,  but  tlie  greater  number  has  been  discovered  since 
Saussure  published  liis  Voyages  dans  les  Alpes ;  and  it  <ip[>ears 
probable,  that  they  would  every  where  be  found  near  the  i unc- 
tion oi  the  primary  and  secondary  rocks,  were  it  not  for  ilMjuie^ 
ments  tliat  have  covered  them  with  a  heap  of  nn'ns,  or  that 
torrents  from  the  glaciers  have  mixed  with  them,  and  reduced 
their  temperature.  Since  I  visited  Savoy  in  18'21  and  18-2*2, 
another  considerable  warm  spring  has  been  discovered  near 
the  TilWe  of  Chamouni,  at  the  foot  of  a  glacier ;  and  in  1 820 
eeveral  £ermal  springs  were  discovered  in  that  bnuncfa  c^tbe 
Alps  which  extends  to  Grenoble. 

I  shdU  here  briefly  enumerate  the  prindpai  known  thermal 
waters  in  the  Pennine  Alps,  and  add  some  observations  and 
inferences^  which  I  trust  will  be  acceptable  to  several  of  your 
readers. 

Natbbs,  tn  ihe  Haut  Valais. — The  warm  spring  rises  under 
a  rock  of  mica-slate  on  the  north  side  of  the  Hhone.  TIjc 
temperature  when  I  visited  the  place  was  86**  Fahrenheit;  but 
it  is  variable,  from  tlie  intermixture  with  surface-water.  At 
the  time  of  the  great  earthquake  at  Lisbon,  in  1755,  the 
mountain  above  the  spring,  1  was  informed,  opened  and  threw 
out  a  considerable  quantity  of  hot  water. 

Leuk,  in  the  Haut  Valais, — situated  in  a  deep  gorge  on 
the  northern  side  of  the  Rhone.  There  are  twelve  springs, 
varying  in  temperature  from  117^  to  120*.  These  springs 
have  been  Ions  known»  and  are  visited  by  patients  iiom 


The  Valley  of  Baomes^  m  the  Bat  Falau, — ^The  warm 
springs  in  thw  valley  were  buried  under  a  heap  of  debris  firm 
the  mi  of  part  of  a  mountain,  which  destroyed  the  baths,  the 

village  of  Bagnes,  and  120  inhabitants  in  tlie  year  1545.  Tlie 
name  of  the  valley  is  obviously  derived  from  the  baths.  The 
tempefature  of  tlie  water  unknown. 

Chamouni. — The  thermal  waters  at  this  place  have  been 
discovered  since  I  visited  Chamouni  in  1821.  I  have  received 
no  account  of  the  temperature;  baths  have  recently  been 
erected.  The  situation  is  near  the  junction  of  mica-slate^ 
With  the  lowest  bods  of  secondary  limestone. 

St.  Geavaise^ — situated  on  a  deep  gorge  on  the  nordi-east 


* 
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side  of  Mont  Blanc  The  thermal  water  rises  near  the 
junction  of  nuca-«late  and  limestone.  The  temperature  94** 
to  08".  This  sprii^  was  discovered  about  the  year  1806 :  it 
is  yery  copious.  Mths  have  lately  been  erected»  and  are 
much  frequented* 

Aix  LE8  Bain8»  in  Saodjf  ;  —  the  temperature  from  112*  to 
117^  The  thermal  waters  rise  in  great  abundance  from 
two  springs,  situated  at  the  foot  of  a  lofty  calcareous  moun- 
tain, and  are  near  the  bottom  of  the  great  calcareous 
formation  that  forms  the  outer  range  of  the  Alps :  there  are 
also  numerous  hot  springs  in  the  vicinity,  which  the  Sar- 
dinian government  will  not  allow  to  be  opened.  Of  the 
mode  of  douching  at  these  baths,  I  have  given  a  particular 
account  in  the  first  volume  of  my  Travels  in  Savoy,  Sicitzer^ 
latid,  and  Auvergne,  The  thermal  waters  of  Aix  were  well 
known  to  the  Romans. 

MoLTiERs,  in  the  Tarentaise, —  The  thermal  waters  rise  in 
great  abundance  from  the  bottom  of  a  nearly  perpendicular 
mass  of  limestone.  From  the  position  of  this  rock,  and  its 
connection  with  those  on  the  opposite  side  of  the  valley,  in 
which  ilie  hot  springs  rise,  I  have  no  doubt  tluit  it  is  the 
lowest  caIcai;eou8  bed  in  that  part  of  the  Alps;  but  its 
junction  widi  mica  or  talcose  slate  is  not  here  seen.  The 
thermal  waters  of  Moutiers  contain  about  two  per  cent 
saline  matter,  chiefly  common  salt.  The  process  of  ex- 
tracting it,  I  have  described  in  the  PhUo90^ieal  Magtmntf 
Yol.  Ixiii.  p.  86. 

Brida,  in  the  TarmtaiMe,  —  The  thermal  waters  of  Brlda 
were  noticed  in  the  ancient  records  of  Savoy,  but  they  were 
covered  during  a  sudden  inundation  of  the  valley,  and  their 
situation  was  concealed  for  many  years.  In  the  summer  of 
1819,  another  inundation,  occasioned  by  the  brealcing  down 
of  the  side  of  the  glacier,  laid  open  the  spring  again.  The 
rock  from  whicli  the  spring  rises  is  a  greenish  talcose  slate, 
passing  into  mica-slate:  it  is  injunction  with  lime&tone.  The 
temperature  of  the  water  is  from  93*'  to  97"  Fahrenheit. 
The  geological  position  of  this  spring  is  more  obvious  than 
that  of  any  of  the  other  thermal  waters  which  I  visited,  being 
situated  close  to  the  steep  bank  of  the  river  Doron,  where 
both  the  rocks  arc  laid  bare.  There  are  some  warm  springs 
on  the  opposite  bank  of  the  river,  which  rise  in  limestone; 
but  the  temperature  is  lower,  owing  to  an  intermixture  with 
common  water. 

Sauis  de  PucELXiEy  or  KtmnV  Zeiqi.  There  is  a  very 
copious  thermal  spring  rising  mm  the  bottom  of  a  perpendi* 
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cular  rock  near  Uie  Iscre,  between  the  town  of  Moutiers  and 
St  Maurice,  at  the  foot  of  tlie  Little  St.  Bernard;  but,  owing 
to  the  difficulty  of  access  to  it,  I  did  not  visit  it^  to  ascertain 
its  temperature. 

Beside  the  above  thermal  waters  in  the  Pennine  Alps,  va- 
rious thermal  sjn  ini^^s  wore  discovered  in  tlie  adjacent  Alps, 
near  Grenoble,  in  iho  year  IS'20  ;  and  it  seems  probable,  ihat 
a  series  of  these  springs  might  be  found,  were  proper  search 
made,  extending  westward  to  the  thermal  waters  of  the 
Pyresieea ;  for  in  this  line  we  should  approach  the  southern 
border  of  the  volcanie  district  of  Fraooe.  Oa  the  Italian  side 
of  the  Pennine  Alpa  there  are  also  thermal  waters:  the  wum 
baths  of  CormaTeur  and  of  St  Didier  are  situated  almoit 
immediately  under  the  southern  escarpment  of  Mont  Blsnc 
I  was  prevented,  by  the  weather,  from  examining  the  geo- 
logical position  of  these  springs:  their  temperature  is  stated 
to  be  94''  of  Fahrenheit.* 

The  inference  that  maybe  drawn  from  the  geological  posi- 
tion of  diese  thermal  waters  near  the  junction  of  the  calcareous 
beds  with  mica-slate,  or  the  dark  schist  which  passes  into 
mica-slate,  is,  that  the  waters  do  not  rise  from  the  upper  sirata, 
but  spring  out  of  the  lower  or  primary  rooks;  and  as  tliey  break 
out  near  the  feet  of  the  highest  range  of  tlie  Alps,  tliat  extend 
from  the  northern  side  of  the  Simplon  through  the  Valais 
and  Savoy  into  France,  we  may  with  much  probability  infer, 
that  these  mountains  are  situated  over  or  near  to  one  comnioQ 
source  of  heat,  by  the  agency  of  which  they  were  originally 
elevated,  and  their  beds  placed  in  a  position  nearly  verti- 
cal. This  inference  is  in  some  degree  supported  by  As 
well-attested  fact,  that  the  districts  where  the  hot  springs  9tt 
situated,  are  subject  to  great  and  frequent  convulsions,  parti- 
cularly in  the  upper  vall^  of  the  Rhone.  In  the  year  175^ 
at  Brie^,  Naters,  and  Leuk,  the  ground  was  agitated  by 
earthquakes  every  day  from  the  Ist  of  November  to  the  27ta 
of  Fel  »ruaiy:  some  of  the  shocks  were  so  violent,  that  the 
steeples  of  the  churches  were  thrown  down,  the  walls  split,  sob 
many  houses  rendered  uninhabitable :  many  of  the  Bgnoff 
were  dried  up^  and  the  waters  of  the  Rhone  were  obsen'^ 
to  boil.  At  three  different  times  the  inhabitants  abandoned 
their  houses,  and  fled  for  safe^  into  the  fields.  It  ^ 
been  before  mentioned,  that  the  mountain  above  the  vanA 

•  Nearly  all  the  thermal  waters  in  the  A\ps,  emit  sulphureou* 
vapours,  aud  are  slightly  saline,  except  tiie  waters  of  Leuk,  yfW^ 
have  the  highest  temperature^  and  are  inodofoos^  and  Ikes 
saline  tmpr^^iBtioii. 
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spring  at  Naters,  opened  during  the  time  of  the  great  earth- 
quake at  Lisbon,  and  threw  out  hot  water  ;  at  the  f>aine  period 
the  warm  saline  springs  at  Moutiers  ceased  to  flow  for  forty- 
eight  hours.  When  the  water  returned,  the  quantity  was 
said  to  be  increased,  and  the  saHne  impregnation  was  weaker. 
Former  and  more  formidable  agitations  of  the  eardi  are 
recorded  in  the  HautValais^  particalarlyin  the  district  where 
the  principal  hot  spriiun  are  situated.  The  last  earthquake 
of  oonse^enoe  in  the  Valais  took  place  in  January  1809L 

I  am  informed  that  seyeral  of  the  retired  valleys  on  the 
Italian  side  of  the  Alps,  at  the  foot  of  the  central  chain,  are 
subject  to  earthquakes^  during  which  the  ground  has  opened 
or  sunk  down  in  various  parts,  though  these  effects  have  been 
too  local)  to  excite  attention  at  a  distance.  From  these  facts, 
it  seems  as  reasonable  to  infer  that  the  thermal  waters  of  the 
Alps  owe  their  high  temperature  to  subterranean  fire,  as  that 
the  hot  springs  in  countries  that  have  formerly  been  volcanic, 
derive  their  warmtli  from  an  internal,  unextinguished,  but 
quiescent,  source  of  heat.  No  person  who  has  attentively 
examined  the  lofty  granitic  plain  to  the  west  of  Clermont 
Ferrand  in  France,  and  obsen-ed  the  granite  in  various  parts 
pierced  through  by  ancient  volcanoes,  that  have  poured  cur- 
rents of  lava  over  its  surface,  or  seen  other  parts,  where  the 
granite  itself  has  been  changed  by  its  contiguity  to  subter- 
ranean fire,  or  upheaved  and  intermixed  witli  volcanic  rocks; 
—  no  one,  I  say,  who  has  observed  this,  cim  doubt  tliat  the  hot 
springs  of  Mont  d'Or  and  Vichy,  derive  their  high  tempera- 
ture from  a  source  of  heat  situated  beneath  the  granite  moun- 
tain%  though  ages  have  passed  away  since  the  volcanoes  of 
that  country  have  been  in  an  active  state,  and  the  only  proof 
of  the  present  existence  of  subterranean  fire  in  Auvergne,  is 
to  be  found  in  the  hot  springs  themselves.  Nor  can  any 
adequate  reason  be  assigned,  for  attributing  the  high  tem- 
perature of  the  thermal  waters  in  the  Alps  to  any  other  cause 
than  to  a  source  of  subterranean  fire  under  these  mountains,— 
a  cause  which  is  sufficient  also  to  have  produced  their  original 
elevation.  It  is,  however,  proper  to  state^  tliat  in  some  of  the 
mountains  of  the  Alps,  the  temperature  may  be  slightly  in- 
creased by  a  cause  hitherto  unnoticed.  In  the  upper  part 
of  the  secondary  formations  covering  the  granite,  there  are 
beds  of  gypsum,  and  this  gypsum  is  anhydrous ;  but  when 
exposed  to  air  and  moisture,  it  combines  with  water,  and 
passes  to  the  state  of  common  gypsum :  during  this  combi- 
nation we  may  suppose  heat  to  be  evolved;  but  the  process 
must  be  extremely  slow,  and  the  heat  evolved  must  be  totally 
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inadequate  to  raise  the  temperature  of  powerful  streams  to 
126**.  Saussurc  found  the  temperature  of  tlie  water  in  tlio 
lower  part  of  tlie  salt  mines  of  Hex,  which  are  situated  in 
tlie  vicinity  of  gypsum,  to  be  four  degrees  of  Reaumur  higher 
than  tlie  mean  temperature  of  the  earth.  It  is  not  impro- 
bable, though  Saussure  was  not  aware  of  the  circumstance,  that 
this  small  increase  of  temperature  in  llie  mines  of  Bex,  might 
be  partly  owing  to  the  combination  of  water  with  gypsmn  : 
however,  an  increase  of  temperature,  it  is  well  known,  is 
observed  in  deep  mines,  far  removed  from  the  gj'psum.  for- 
mation. 

In  reply  to  wbat  I  have  adyanced  respecting  the  thermal 
waters  in  the  Pennine  Alps,  it  may  be  said*  Uiat  few  ther- 
mal spruigs  have  been  yet  discovered  in  the  northern  range  of 
^e  Alps  which  form  the  Bernese  Oberland ;  but  the  dififerenoe 
in  the  geological  structure  of  the  two  ranges  will»  I  conceive^ 
be  sufficient  to  explain  why  hot  springs  are  more  rare  in  the 
latter  tlian  in  the  southern  rangew  Most  of  the  highest  moon- 
tains  in  the  Bernese  Alps  are  covered  with  secondary  strata  ; 
and  the  valleys  are  chieflv  excavated  in  these  strata,  or  in 
enormous  beds  of  sandstone  and  conglomerate,  that  form  a 
tliick  iiilervening  mass  between  the  surface  and  the  primary 
rocks,  sufficient  to  obstruct  the  rise  of  thennal  waters  ;  for  it 
has  before  been  stated,  that  all  the  thermal  waters  in  the 
Pennine  Alps,  issue  from  the  primary  rocks,  or  near  llieir 
junction  with  the  Igwest  calcareous  stratap 
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D. 

OK  THE  GREAT  WESTERN  AMERICAN  COAL  HELDS. 

The  VaUey  of  the  Mississippi  contains  the  largest  coal  Beld, 
or  rather  collection  of  coal  fields,  in  the  known  world ;  and 
what  ifl  annually  taking  place  in  some  parts  of  that  valley, 
appears  to  confirm,  in  a  remarkable  manner,  the  opinions  I 
have  advanced  (pages  178  to  181)  on  the  formation  of  coal, 
and  the  cause  of  the  frequent  recurrence  of  the  same  series 
of  strata  at  different  depths,  in  the  same  n>ine;  which  I  attri- 
bute to  the  periodical  filling  and  desiccation  of  lakes.  In  the 
second  volume  of  Mr.  Stuart's  interesting  "Travels  in  the 
United  States,"  there  is  a  very  instructive  acx.'ount  of  the 
Valley  of  the  Mississippi,  quoted  from  an  American  review. 
I  shall  here  insert  the  parts  immediately  connected  with  the 
present  sub)c'Ct: — 

"  What  IS  called  the  Valley  of  the  Mississippi  is  not  in 
reality  a  valley,  but  an  extensive  elevated  plain,  without  hills 
or  inequalities  deserving  notice.  It  extends  west  from  the 
western  slope  of  the  Alleghany  Mountains,  to  the  sand  plains 
near  the  Missouri,  a  distance  of  about  1500  miles,  and  south 
from  the  valley  of  the  northern  lakes,  to  the  mouth  of  the 
Ohio,  about  000  mileSi  No  part  of  the  globe  possesses  such 
an  extent  of  uniform  fertility.  The  diflerenee  m  elevation  is 
only  a  few  feet,  as  ascertained  by  actual  survey.  The  general 
elevation  of  this  plain,  is  about  800  feet  above  the  sea.  It  is 
crossed  by  the  great  rivers  Missouri,  Mississippi,  Ohio,  and 
tlieir  branches.  As  we  go  westerly  up  the  Missouri  and 
Arkanas  to  the  sand  plains,  we  find  nearly  the  same  elevation. 
The  great  and  numerous  rivers  that  cross  this  plain,  instead 
of  forming  valleys,  do  but  indent  narrow  lines  or  grooves  into 
its  surface,  hardly  sufficient  to  retain  their  floods.  As  the 
currents  of  these  rivers  roll  on  in  their  courses,  they  sink 
deeper  into  the  plain  ;  hence  the  large  rivers  Ohio,  Missouri, 
and  others,  seem  bordered  with  hills  of  several  hundred  feet 
elevation,  towards  their  mouths ;  but  the  tops  of  these  bills 
are  the  level  of  the  great  plain. 

"  The  base  of  tl»is  whole  extent  of  plain  appears  to  be 
ttansition  or  mountain  limestone,  in  nearly  horizontal  beds : 
it  has  been  perforated  to  the  depth  of  400  and  600  feet.  It 
contains  triK>bites,  ordiooefatites,  the  productus,  and  other 
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JbttOs  that  characterise  the  tnoirition  limestone.  The  vppei^ 
most  stratum  of  limestone  is  not  many  feet  below  the  surface, 
and  supports,  nearly  over  its  whole  extent,  strata  of  bitami- 
nous  coal  and  saline  impregnations.  The  limestone  extends 
^  under  the  Alleghany  Mountains  in  the  east,  and  the  sand 
plains  on  the  west^  and  rests  on  the  granite  ridges  of  Canada 
on  tlie  nortli. 

"lliis  coal  field  would  cover  lialf  of  Europe,  having  an 
extent  of  900,000  square  miles;  or  1500  miles  in  length,  by 
600  miles  in  breadth.  The  coal  is  pure,  and  lies  above  the 
beds  of  the  rivers,  and  costs  about  twenty  cents  (the  fifth  part 
of  a  dollar)  per  ton  to  quarry  it  Iron  ore  abounds  generally, 
but  in  Missouri  there  is  a  mass  of  this  ore  300  feet  in  iieight, 
and  five  nules  in  eEfeent,  whidi  yields  75  per  cent,  of 
fine  malleable  iron.  The  lead  districts  of  Missouri  and 
Illinois  cover  200  square  miles."  It  is  not  mentioned  in  die 
above  account,  but  there  can  be  no  doubCi  that  the  mines  are 
situate  in  the  limestone,  which  identifies  that  formation  still 
fiirther  with  the  mountain  limestone  of  EngbuKL 

In  tlie  geological  position  and  physical  structore  of  this 
vast  coal  field,  we  may,  I  think,  trace,  in  a  satisfactory  man- 
ner, the  mode  of  its  formation.  Were  the  outlet  of  the  waters 
that  drain  this  large  surface  to  be  only  partially  close<l  (as  we 
may  suppose  the  mouth  of  the  Mississippi  to  be)  by  an  earth- 
quake or  upheaving  of  the  snrfare,  then  in  the  time  of  annual 
periodical  inundations,  the  whole  extent  of  this  level  plain 
would  be  covered  with  fresh  water,  and  form  an  inland  sea, 
which  would  gradually  become  dry  as  the  inundations  sub- 
sided. This  plain  would  then  become  a  vast  swamp,  suited  for 
the  rapid  development  of  vegetation.  In  this  manner  thick 
beds  of  decomposed  vegetable  matter  might  every  year  be 
finrmedy  and  subsequenUy  covered  with  strata  of  mud  and 
earthy  mattery  deposited  during  the  inundadon* 

Now  let  us  advert  to  what  actually  takes  place  in  the  lower 
valley,  or  plain  of  the  Mississippi,  evi  ry  year.  When  those 
mighty  rivers,  tlie  Mississippi  and  Missouri^  are  inundated^ 
by  the  melting  of  the  snow  near  their  sources,  they  pour  down 
immense  floods,  which  fill  their  banks,  and  absolutely  choke 
up  the  mouths  of  the  large  secondary'  rivers  tliat  enter  them, 
and  throw  their  waters  back  for  many  miles,  charged  with 
tlie  mud  of  the  great  descending  waters.  The  waters  of  tliese 
secondary  rivers  in  their  backward  course,  overflow  their 
banks,  and  spread  over  the  lower  parts  of  the  level  plain, 
forming  lakes  of  twenty  miles  or  more  in  length  :  after  some 
time  the)>e  lakes  are  gradually  drained  by  tlie  subsidence  of 
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the  riven.  The  inundatloDB  are,  however,  prolonged  by 
another  circumstance.  The  Missouri  and  Mississippi  rise  in 
different  latitudes,  and  their  periodical  inundations  do  not 
take  place  at  the  same  time.  When  one  of  these  mighty 
streams  is  inundated^  it  blocks  up  the  passage  of  the  ower, 
and  this  reacts  on  the  secondary  streams,  and  prolongs  the 
time  of  periodical  inundation.  Thus  in  these  temporary  lakes 
of  fresh  water,  we  have  the  conditions  required  for  the  for- 
mation of  future  coal  fields — swamps  promoting  the  rapid 
development  and  decomposition  of  vegetables — and  periodi- 
cal inundations  of  water,  charged  with  sand  and  mud,  to  cover 
the  vegetable  beds  with  earthy  strata.  It  is  further  deserving 
notice,  that  over  a  large  part  of  the  plain  of  the  Mississippi, 
the  rapid  annual  growtii  of  grasses  and  thistles,  exceed  any 
thing  of  which  this  part  of  Europe  affords  an  example :  this 
enormous  mass  of  vegetation  perishes  every  winter. 

Iliough  the  vegetation  of  the  ancient  coal  fields,  belonged 
to  different  families  liom  those  that  flourish  in  the  plain  of 
the  Mississippi,  yet  their  chemical  composition  was  similar, 
and  there  cannot  he  a  doubt,  tliat  the  present  vegetation  of 
the  Mississippi  plains  mig^t  form  mineral  coal,  if  subjected, 
the  same  processes,  that  have  changed  the  vegetation  <|(  ou^ 
coal  fields  into  ooal, 


CoalfdiM  m     Valley  of  the  (Mm. 

A  very  interesting  article  on  the  coal  fields  in  the  great 
▼alley  of  the  Ohio,  by  Dr.  S.  P.  Hildreth,  is  given  in  Pro- 
fessor Silliman's  American  Journal  of  Science  and  Ar^  for 
October  1835^  irom  which  the  foUowing  account  Is  ex- 
tracted:— 

*'  Tlie  mineral  district  described  by  Dr.  Hildreth^  spreads 
oyer  a  space  of  four  or  five  degrees  of  latitude^  and  as  many 
of  longitude,  tlirough  which  the  river  Ohio  winds,  receiving 

in  its  course  numerous  tributary  and  navigable  rivers.  The 
district  extends  northward  beyond  Titsburgh,  and  southward 
to  the  37"  of  latitude.  This  region  may  be  called  the  south- 
east termination  of  that  immense  valley  which  lies  between 
the  Rocky  mountains  on  the  west,  and  the  Alleghany  range 
on  the  east ;  a  vast  tract  of  country  without  mountains,  but 
grodually  declining  towards  the  mouth  of  the  Mississippi, 
The  soil  in  the  vaDey  of  the  Ohio  is  in  general  a  deep  and 
prodnetbe  allnTial  one,  yielding  an  abmuiant  supply  to  its 
npldlyi-increaaing  population,  and  piomising  an  adequate 
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•aDport  for  tbe  nonieroiis  milUoiiB  that  ia  a  ftw  gnmiaim 
■will  probably  occupy  this  region. 

^  The  fint  of  its  mineral  treasures,  coal,  is  most  impoilMit 
to  a  country  dependent  on  steam  navigation  for  its  prosperi^; 
it  ooctus  in  an  exhaustless  <}uanti^»  and  is  in  gienerai  of  an 
excellent  qualiQ^*  being  bituminous  or  coaking  coal,  well 
suited  for  the  smelting  of  iron  ore;  indeed  some  of  the  beds 
are  so  pure,  that  the  coal  may  be  used  witlioiit  coaking  in  ilie 
iron  furnaces.  Tlie  average  thickness  of  tlie  principal  Uu> 
of  coal  is  from  four  to  six  feet;  in  some  situations  tliey  are 
ten  feet  or  more :  the  be<ls  are  ti\  e  from  the  diblocatioii>  .m^ 
faults  which  so  much  impede  ihe  operations  of  tlie  miius  »u 
other  coal  districts.  Tlie  great  peculiarity  of  the  structure 
of  the  coal  strata  in  this  region  is,  that  they  are  in  geuei^ 
nearly  horizontal,  having  oiny  sufficient  inclination  to  drsia 
otV  tiie  water ;  many  of  the  hcd^  are  situated  above  ths 
level  of  tlie  rivers,  and  may  be  traced  round  the  sides  01 
the  hills,  at  the  same  elevation,  oi'  nearly  so,  on  each  skifr 
This  circumstance  gives  an  amaiing  advantage  in  ^^^^^ 
the  mines,  as  no  perpendiculkr  shafts  are  necessary  to  zen 
the  coaly  but  passages  can  be  cut  through  it  frcun  one  w 
of  the  hill  to  the  other ;  and  the  expense  of  lifting  the  cosl 
from  the  depth  of  seven  and  eight  hundred  feet,  as  is  most 
frequently  required  in  the  best  English  coal-mines,  is  alto> 
gether  avoided.  Beside  this  advantage,  the  proprietors  csa 
ascertain  accurately,  without  boring,  and  with  scarcely  any 
expense^  the  exact  thickness  of  each  bed  of  coa)»  before  the^ 
commence  mining  operations. 

"  The  largest  of  the  lateral  rivers  that  pour  into  the  OhlOf  m 
this  region,  are  the  Muskingum  and  the  Scioto,  on  die  western 
side  of  the  Ohio,  and  the  Alleghany  river,  xi\e  Monongahda, 
and  the  great  Kinawha,  and  little  Kenawha,  on  the  eastern 
side;  each  of  tlRsc  rivers  i^ive  tlicir  names  to  the  extensive 
lateral  vallevs  tlirou'^h  which  iliev  lluw.  These  valleys,  ss 
well  as  many  minor  ones  not  here  enumerated,  contam  cosi 
6elds,  difi'ering  in  the  number  and  thickness  of  the  beds,  bttt 
for  the  most  part  similar  in  structure.  If  we  take  par^  ^ 
the  valley  of  the  Monongahela,  between  Morgan  Town  SBO 
Pittsburg,  from  Dr.  Hildreth's  memoir,  it  may  serve  ss  ft 
Qrpe  of  the  coal-lields  in  the  other  valleys. .  The  strata  that 
accompany  coal  are  chiefly  sand-stones  and  axgillaceous  abate* 

*  Ko  less  than  four  deposits  of  coal  are  found  from  the  to^ 
<  of  the  hills  to  the  bed  of  the  river.   The  um»ermost  bed 

*  of  coal. lies  at  an  elevation      three  hundred  feet,  and  i& 

*  six  feet  in  thickness;  the  second  is  one  hundred  and  ^9 


Digitized  by  Google 


APPENDIX. 


*  ieet  above  the  mer,  is  seven  feet  in  diickneM,  and  the 

*  coal  of  an  ezeellent  quality.   The  third  bed  it  only  thirty 

*  feet  above  the  river.   The  coal  is  rather  of  an  inferior 

*  quality,  and  only  three  feet  in  thidmeBS*    The  fourth  is 

*  a  few  feet  beneath  the  bed  of  the  river,  in  one  part  of  the 
'  valley,  but  some  miles  above  it»  it  appears  in  the  bed  of 

*  the  river,  and  continues  to  do  so  for  fifteen  or  twenty 

*  miles.  It  is  six  feet  in  thickness.  This  coal  is  of  a  supe- 
^  nor  quality,  highly  bituminous,  and  free  from  sulphur,  or 

*  sulphuret  of  iron,  and  in  repute  for  smith- work.  There 

*  aro  in  all  the  beds  twenty- two  feet  of  coal.  At  the  bottom 
'  of  the  best  coal-beds  is  found  a  deposit  of  about  eitrhtcen 

*  or  twenty  inches  of  coal  of  great  purity,  and  which,  for  the 

*  manufacture  of  iron,  is  fully  equal  to  charcoal,  burning 

*  without  leaving  any  cinders  and  very  little  ashes.'  In 
other  parts  of  this  valley  there  are  only  three  beds  of  coal, 
all  situated  above  the  level  of  the  Monongahela  river.  When 
we  consider  the  facility  with  which  the  coal  of  this  region 
can  be  obtained,  and  its  almost  exhaustless  supply,  it  may, 
perhaps,  be  regarded  as  containing  the  most  valuable  coal- 
fields at  present  known  in  any  part  of  the  wvHrld.  It  is  a 
remarkable  circumstance  that  all  the  coal  of  thb  region  is 
bituminous^  whilst  the  coal  in  the  eastern  states  is  nearly 
all  dry  or  hard  coal,  burning  without  smoke^  called  by  mine- 
ralogbts  anihmaie. 

The  iron  ore  occurs  in  various  forms,  but  the  extent  and 
thickness  of  the  beds  have  not  yet  been  fully  traced.  Several 
furnaces  have  been  already  worked,  which  at  present  produce 
about  thirty  thousand  tons  of  pig  iron  anmialiy  ** 
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E. 

l^ote  to  page  560. 

The  cut  of  the  fossil  tooth  of  the  gigantic  tapir  or  dinothe- 
rium,  at  p.  560,  was  to  have  been  accompanied  by  the  outline 
here  given,  which  came  too  late  to  be  inserted,  lliis  is  a 
profile  of  the  side  of  the  tooth,  which  shews  that  the  roots  are 
broken  off,  but  the  tooth  itself  is  quite  perfect,  and  not  in  the 
least  water-worn.  The  two  drawings  of  the  tooth  are  given, 
because  the  figure  of  it  in  Cuvier's  Ossemens  Fossiles  is  so  in- 
accurate, that  it  conveys  no  proper  idea  of  its  fornu  Models 
of  this  tooth  were  sent  from  Paris  to  all  the  principal  museums 
on  the  continent.  It  belonged  to  the  late  Faujas  St.  Fond, 
and  was  purchased  by  me  when  his  museum  was  sold  in  1819. 
There  were,  from  the  same  locality,  teeth  of  the  mastodon, 
the  small  hippopotamus,  and  tlie  rhinoceros,  which  I  also  pur- 
chased. The  tooth  of  the  mastodon  was  considerably  water- 
worn,  but  the  projecting  points,  on  the  crown  of  tlie  tooth, 
converge  in  a  similar  manner  to  those  of  the  tooth  of  the 
mastodon  from  the  Crag,  of  which  a  drawing  was  given  in 
Loudon's  Magazine  of  Natural  History,  1836.  For  an 
account  of  the  Dinotherium,  consult  Dr.  Buckland,  B.  T. 
VoL  I.  and  II.,  and  tlie  supplementary  notes  and  plate. 
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ON  THE  NEW  NOMENCLATURE  OF  THE 
TERTIARY  STRATA. 

A  NEW  nomendatiue  of  the  tertiary  strata  has  been  lat^  pro- 
poaedy  which  is  based  on  the  numerical  proportion  of  recent  to 
ancient  fossil  shells,  as  given  by  M.  Deshayes.  (See  p.  399.) 
By  recent  shells  is  to  be  understood  those  analogous  to  existing 
species.  The  divisions  are  called  Eocene,  Miocene,  Pliocene,  and 
newer  Pliocene.  The  numerical  proportion  is  stated  to  increase 
in  each  by  a  certain  pcr-centage,  beginning  with  the  Eocene, 
from  the  Greek  Eos,  or  Aurora,  indicating  the  first  dawn  or  ap- 
pearance of  recent  species.  The  nomenclature  of  a  science  is  the 
common  propei  ty  ot  all  its  cultivators,  and  should  not  be  invad- 
ed or  changed,  without  some  obvious  advantage  is  to  be  thereby 
obtained.  If  the  nomenclature  be  a  scientific  one,  it  ought 
to  be  based  upon  characters  or  properties  fully  admitted  and 
established.  The  numerical  proportion  of  ancient  and  recent 
shells,  in  each  tertiary  division,  it  must  be  exceedingly  diffi- 
culty if  not  impossible  to  determine^  because  we  know  not  the 
limits  of  variation  wfaicb  may  take  place  in  sheUs^  di£fe- 
renoe  of  age,  or  the  different  circumstances  in  which  the 
animals  may  be  placed.  These  viiriationa^  I  ha?e  stated,  are 
much  ffreater  in  some  instances,  than  the  diflerence  of  form 
in  sheQiy  supposed  by  many  conchologists  to  belong  to  dis- 
tinct species.  The  proposer  of  the  new  nomenclature  admits, 
that  when  tlie  geologist  has  made  a  collection  of  shells  from 
a  tertiary  formation,  he  cannot  be  expected  to  discover  the 
proportion  of  recent  to  fossil  shells ;  he  is  told  that  he  must  con* 
suit  some  able  concholo^ist,  who  is  to  determine  the  propor* 
tions  for  him.  Now  this  method  has  been  tried,  with  respect 
to  the  shells  of  the  Crag  and  other  tertiary  formations,  and 
has  been  found  entirely  fallacious.  Different  conchologists 
have  given  \Qry  ditt'erent  and  opposite  enumerations  of  the 
proportions.  Where  M.  Deshayes  finds  in  the  Crag  fifty  per 
cent  of  species  analogous  to  recent  shells,  other  eminent  con- 
chologists say  there  are  none.  This  discrepancy  ever  must 
arise  from  a  method  so  vague  and  empirical,  depending 
upon  the  skill  or  caprice  of  the  different  shell  sorters.  If 
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English  geologists  resolve  to  adopt  the  new  nomenclature, 
it  will  be  necessary  to  elect  some  one  concholoorist  as 
Jniperntor  Codikurum,  to  wear  the  triple  Eocene,  Miocene,  and 
Pliocene  crown,  from  whose  decision  tliere  shall  be  no  appeaL 
M.  Desnovers  has  published  some  excellent  observations 
<m  tbe  difficulty  of  delemfiiliig  Ao  velalivo  age  of  teitiuy 
formations,  by  the  law  of  proportional  numbers  of  fimil 
mcie%  analogous  to  existing  species.  BvBeim  de  Is 
UtoL  de  limee,  AwU  1887.   This  srtide  is  translated,  and 

fiven»  widi  additional  oliservabonsi  in  the  UacaiiDe  ef 
latural  History,  March  1888,  now  ably  conducted  by  Ifr. 
CSiarls worth.  Its  perusal  must,  I  thinks  oonvince  ever^-  un- 
prejudioed  reader,  that  the  per<-centage  system  of  classifi« 
oatkm  cannot  form  the  satisfactory  basis  of  a  sdentifie 
nomenclatare- 

Great  caution  is  indeed  required  in  drawing  infereneet 
from  fossil  conchology  alone,  when  unsupported  by  the  evi- 
dence of  position  see  p.  397),  or  by  collateral  testimony. 
For  want  of  this  caution,  the  most  extravagant  opinions  luu  e 
been  advanced.  A  foreign  naturalist,  disregarding  the  re- 
mains of  the  elephant,  the  rhinoceros,  and  the  hippopotamus, 
that  occur  abundantly  in  the  Crag  of  Norfolk,  and  in  the 
strata  over  it,  and  drawing  his  conclusions  from  the  shells 
alone,  asserts,  that  the  temperature  of  England  at  the 
epoch  of  the  Crag,  was  that  of  the  arctic  regions.  But  the 
above  animals,  particularly  the  rhinoceros  and  the  hippopo^ 
tarn  us,  are  constant  inhabitants  of  warm  cliniate8»  and  mbere- 
ever  their  remains  occur  in  northern  latitudes^  it  is  considered 
as  a  proof  of  the  high  former  temperature  of  such  latittidfa. 
To  reject  the  evidence  aiforded  by  terrestrial  animals»  whose 
habits  are  well  known»  and  to  adopt  an  opinion  directly 
opposed  to  it,  from  the  shells  of  marine  animal^  of  wliose 
ImbitB  we  know  nothing  whatever,  is  like  rejecting  the  advan^ 
tage  of  clear  daylight^  when  crossing  an  unknown  countiT» 
and  preferring  to  exj^ore  the  path  at  nighty  by  the  fecMe 
glimmmng  of  a  glow*worm. 
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In  til*  pMMat  volmiM  whhout  any  explanation  i  it  ha^ 
therefore,  been  thought  dcsirabto  tat  the  benefit  of  the  geological  Undnti  1^ 

^anncx  a  gloasarj-.  statin?;  tlip  division  or  class  of  animals  to  which  they  belong. 
The  letters  P.  ().  imply  tliat  tliere  is  a  description  in  the  Preliminary  Obterr- 
ationa;  M.  L.  and  T.  L.  stand  f»  Mountda  or  IVamlliiHi  Tlmilnin, 
L.  Lias;   Oo.  Oolite;    (I.  s.  Greenland;    Ch.   Chalk;  Tt,  ~ 
Sec  Secondary i  Ter.  Tertiary;  R«c  liecent;  Fofc  FoaiU. 


AicTOirim,  iboiil  alcyonia. 
Zoophytes  nearly  allied  to 

sponges,  the  production  or 
habitation  of  polypi*  Eec»  and 
Fos. 

Anmonite.    See  P.  O.  Sec. 
AnanchyU4,    a  helmet-shaped 

ecbiaui.  F0B.CI1. 
Anomutt  a  MTalve  with  one  valve 

perforated. 
JBactilite.    See  P.  O.  Fos. 
BeJemnite.    See  P.  O.   Fos.  Sec. 
Burn'num,  See  P.  O.  Rec.  and 

Fos. 

CkHyophyBki,  a  branched  madre- 
pore with  a  star  at  the  end  of 
each  branch ;  each  star  has  a 
mouth  and  teutacula.  M.L 

Fos. 

CeHthium,  a  univalve  turricu- 

lated  thelL  Ter. 
OtnoMfoo,  lily-shaped  encrinites. 
IhdleyfimUftnkme.  Plate  V. 

Tr. 

EchinUe  fottU,  various  species. 

Sec. 

JEchinuSf  sea  urchin. 
JBnenmf,  See  P.  O.  Tr«  and 
Sec 

BminMi9.      SeeP.O.  M.L 


EwmphahUi  univalve  uneham* 
bered  shell,  involute  and  com- 
pressed.  M.  L. 

Fusits,  a  spindle-shaped 

valve. 

Gryphea  arcuataj  or  gryphite, 
a  deeply -curved  bivalve  lihell 
▼HhaflafcUd.  L. 

G.  dUatatOy  the  sides  more  ex- 
panded. Oo.  Some  species 
of  Gryphea  are  still  living, 

Hnuiite.    See  P.  O.    G.  8. 

Helixy  shelb  of  the  snail  family, 
terrestrial  and  aquatic. 

EmmHll9.   SeeP.O^  Ch. 

larMmh   See  P.  O.  Rec 

Inoceramus,  a  bivalve  with  an 
oblique  beak.  Ch. 

Lilt/  encrinifr.    See  p.  275. 

Lymnea,  a  fresh- v\ater  univalve* 
RecandFoSb:  thesheBi  some- 
times called  Lymnites.  Ter. 

Madftporesj  stony  polypi,  with 
concentric  lamellsB,  resembling 
stars.  In  a  living  state,  the 
stony  matter  is  covered  with 
a  skin  of  living  gelatinous 
matter,  fringed  with  Ulliia 
bunches  of  tentecula:  th«M 
are  the  polypi:  the  skin  and  the 
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'  polypi  oontraetontfae  slightest 

touch— CWinier.  Madrepores 
are  aometimes  united  and 
sometimes  detached :  where 
the  laminee  take  a  serpentine 
direction,  they  are  called 

MeandrincLy  or  brain  stone. 

NmOUm.  SeeP.O*  Recand 
Foa. 

NummuUu.  See  P.  O.  Fos.  Ter. 

Orthoceratite.    Sro  P.  O. 

JPaltcdinOy  a  fresh-water  univalve, 
nearly  resembling  the  shell  of 
a  snaiL  Wealden. 

PaMit  the  fimpet  aheH  Rec 
and  Foa. 

Pectunculus,  an  orbicular  hiyalTC. 
Sec.  and  Ter. 

Planorbisy  a  discoidal  univalve 
fresh-water   shell,  nearly  re- 
sembling an   ammonite,  but, 
without  ohambeiB.  Ter*  I 


/VqAmIm^  a  aemigloboUr  fai- 
Talvi^  the  tid  neariy  fliL 

M.  L. 

ScaphUe,    See  P.  O.    G.  s. 

SeptaHay  stones  divided  into 
cells  or  partitions,  common 
in  argillaceous  strata;  some- 

timea  the  eeUa  are  empty* 
SpaUmguij  a  apedea  of  IMI 

echinus.  Ch. 
Spirula.    See  P.  O. 
SpongeSy  living  and  fossil.  The 
flints  in  elialk  are  frequently 
silicitied  remains  of  sponges. 
IMbratuk^  a  blvalYe  vith  an 
advanced  and  curved  beak, 
which  la  peiforaled.  Num^ 
rous  species.    Rec.  and  Foa. 
Trilobite,  a  erustaceous  fossil  aBi» 
mal.    See  Plate  V.    T.  L. 
J  TurriUie*    See  P.  O.    G.  s. 

I  FiyaftMyMb.  See  Chap.  IL 
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Jjv  the  conclusion  of  Chap.  XXIII.  I  fully  intended  to  have 
noticed  the  ingenious  theory  of  Professor  Babbage^  which 
ascribes  the  local  elevation  and  subsidence  of  the  sur&ce  of 
the  earth  to  the  expansion  or  contraction  of  rocks  or  strat% 
caused  by  an  increase  or  decrease  ot  temperature,  either  from 
the  eiVect  of  internal  heat  or  external  radiation  of  heat.  That 
rocks,  as  well  as  metallic  substances,  are  expanded  or  con- 
tracted by  variation  of  temperature  cannot  be  denied,  and 
the  long  continued  action  of  heat  on  certain  portions  of  the 
earth's  surface  may,  in  some  instances,  occasion  elevations  or 
depressions  sufficient  to  raise  or  depress  the  land  gradually 
several  feet  above  or  below  the  level  of  tlie  sea.  In  this  way 
the  changes  of  level  that  appear  to  be  slowly  taking  place  on 
the  coast  of  Greenland^  IsorwaVf  and  Sweden,  may,  perhaps, 
be  Mtiiftetorily  explained  We  know,  however,  that  explo* 
nve  or  volcanic  foras  are  in  frequent  operation,  sufficiently 
powerfbl  to  shake  or  upheave  suddenly  an  immense  extent  of 
the  sur&oe  of  the  globes  and  it  is  difficult  to  believe  diat 
lolty  mountain  ranges,  or  entire  continently  can  have  been 
raised  by  the  gradual  expansion  occaaumed  fay  variation  of 
temperature ;  the  latter  cause  may  be  compared  to  the  slow 
insinuation  of  a  wedge,  the  former  to  the  explosion  of  a  mineu 
The  efiects  of  explosive  forces  can  be  distinctly  traced  in 
every  quarter  of  the  globe ;  those  of  gradual  expansion  or 
con  t  Inaction,  from  variation  of  temperature,  cannot  admit  of 
direct  proof.  Professor  Babbage  applies  his  theory  to  explain 
the  subsidence  or  elevation  of  different  parts  of  the  coast  of 
Italy,  and  particularly  to  tlie  temple  of  Serapis,  near  Puz- 
zuoli.  Three  remaining  columns  of  this  temple  present 
satisfactory  evidence  of  their  liaving  been  submerged  to  a 
certain  depth  below  the  level  of  the  sea,  where  they  re- 
mained for  a  considerable  time,  and  were  subsequently  raised 
to  their  present  elevation.  The  temple  is  situated  in  the 
midst  of  a  volcanic  district,  and  near  to  Monte  Nuovo,  a 
volcanic  mountain  elevated  in  a  few  hours  to  the  lieight  of 
450  feet,  in  1538;  at  the  same  time,  the  countiy  around  was 
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permaneiitly  detated  sonie  ftel  abofe  iti  Samet  lenL  8fe 
p.  467.  lure  we  hmwe  a  ame  of  ^fstkMi  In  freqnoit 
acdvitjr  adequate  to  the  efiect,  and  the  gedogist  is  not  re- 
qoired  to  seek  fi»r  any  other,  nnkss  h  be  to  explain  the 
present  nearly  erect  positioii  of  the  three  colnmns;  bat  nothiiy 
is  more  common  dnriiig  violent  earthqaakes,  than  for  eertain 
parts  of  a  large  edifice  to  remain  uninjnredy  when  all  the 
sorromidiiig  buildiogi  are  reduced  to  ruins.  An  account  of 
the  of  the  temple  near  Puzzooli,  and  the  evidenoe 

they  present  of  subsidence  and  elevation,  was  first  pob- 
hslied  in  a  report  of  tlie  National  Institute  of  France  for 
lb  10.  llie  columns,  which  are  4*2  feet  in  height,  are  each 
carved  from  a  solid  block  of  niarhlp,  about  twelve  fc^-t 
from  the  base  they  are  pertbrated  ail  round  by  a  marine 
bivalve  shell,  modiolus  litliodamus,  common  in  the  Medi- 
terranean, the  perforations  l)eirin  at  the  same  height  in  each 
column,  and  are  continued  several  iVet  above,  but  the  upper 
parts  of  tlie  columns  are  not  perforated.  It  is  evident  liiat 
the  lower  part  of  the  columns  must  have  remained  a  cod- 
siderable  time  ben«ith  the  level  ol  the  sea,  durnig  which 
ii»e^  were  pierced  by  the  lithodomous  shells.  In  other  part» 
of  the  coast,  ruins  of  temples  may  still  be  seen  below  the 
snr&oe  of  the  sea.  Professor  Babbage  has  given  an  aeooont 
of  his  theofy,  with  tables  of  the  expansion  of  rocks  at  diflferent 
degrees  of  temperature,  in  a  work  whidi  he  entitles  n 
Bridgeioakr  Trtiiiim» 

In  a  note,  page  217,  I  stated  my  intention  of  pving  n 
fuller  explanation  of  the  formation  of  narrow  vdlqrB  or 
rayines,  originally  opened  by  fissures  in  mountains.  I  had 
prepared  the  descriptions  and  secdons^  but  on  reeonsidem* 
don,  I  found  the  subject  would  ooeopy  too  much  space  in 
an  introductory  work.  The  fissure  a  in  the  cut,  page  217, 
and  the  line  d,  may  serve  to  explaiil  the  original  forma- 
tion of  a  narrow  transversal  valley,  and  its  subsequent 
eniargemeau 

In  the  tabular  arrangement  of  secondary  formations,  p.  268, 
the  white  cretaceous  linie^one,  a,  in  the  Wealden  section,  is  a 
bed  with  flints,  closely  resembling  chalk,  over  the  Portland 
free  stone;  its  thickness  is  perhaps  too  inconsiderable  to 
entitle  it  to  be  enumerated  with  the  principal  secondary 
formations,  and  my  reason  for  placiDS  it  there  should  have 
been  given  in  an  explanatory  note.  Wherever  this  bed  crops 
out  uuand,  it  may,  fimn  its  dose  resemblance  to  chalk*  and 
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being  so  called  provincially,  greatly  perplex  the  geologist  who 
visits  the  Weymouth  district  for  the  fii-st  time.  In  niy  me- 
moranda I  designated  it,  for  the  sake  of  distinction,  fresh- 
water chalk.  Whether  we  regard  this  bed  as  the  cora- 
meQcement  of  the  freshwater  formations,  or  the  termiiiation 
of  the  marine  beds,  it  forms  a  remarkable  boundarv  of 
separation ;  It  has  been  generally  classed  with  the  Portland 
oolite^  The  Petworth  limestone,  h,  has  by  an  oversight  been 
placed  with  the  Purbeck  beds;  they  are  both  freshwater  lime- 
stones, but  the  Petworth  is  subordinate  to  the  Weald  clay,  as 
stated,  pages  d2a  926. 


ERRATA. 


Pnge  €S.  1.  IB,  14,  for  "  the  chiUk  without  flints  tlie  l<nrar  chalk  with  flium* 
rt  ad  "  the  chalk  with  flints  tl»«  lower  chalk  without  Hints.* 

I'age  268.  L  1 1  rrora  bottom,  for  "  Purbcck  and  Petworth  limestone^*  ttti 
**  Furiiedc  itnla  and  lirootooe.** 

Fige41^  1101%  fiv "Dr.  Edward  MilM^''nad  «*Ilr.  Miln«  Edvaidi.'' 
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Adamantint  spar,  or  crystallised  aluminc, 

Agaaaiz^  M.,  on  sauroid  fishes,  158. 
Agaie^  nodules  of,  in  wocke  and  basalt, 

Age$^  relative,  of  rocks  and  strata,  8'J; 
how  to  be  ascertained,  2.50.  396  ;  evi- 
dence of,  from  position  and  organic  re- 
mainii,  397  ;  of  the  faiuns  of  the  Loire, 

Age,  geological,  of  pabcotheria,  of  masto- 
dons, and  of  elephants,  405. 

Aiguilles,  or  needle-shaped  granitic  rocka 
in  the  Alps,  81*  9Q± 

Aiguille  de  Dru,  90. 

Alluvium,  15. 

Alluvial  deposition*  of  mud  and  sand 
brought  down  by  rivers  523. ;  instances 
of,  in  the  Yellow  Sea,  5  10;  in  the  Gulf 
of  Mexico,  ib.  ;  and  in  the  Nile,  541. 

Alpine  limestone,  or  calcaire  Alpine,  errors 
concerning  it,  261. 

Alpnach,  strata  of,  tooth  of  the  mastodon 
found  there,  187.  377 ;  section  of  the 
strata,  378. 

Alternation  of  marine  and  freshwater  for- 
mations, 370.  391. 

Alum  shale,  MOl.  304.  .307. 

Alumine,  or  pure  clay,  one  of  the  rarest 
subsUnces,  411 ;  the  sapphire  is  cryrtal- 
lized  alumine,  5Q±. 

American,  ^'orth,  great  western  coal-field, 
tlie  largest  in  the  known  world,  629 — 
GiLL 

 serpent,  conjectures  respecting 

it,  2ml. 

 lahes,  a  table  of,  366. 

Ainphiholc.     Sec  Hornblende. 

Amygdaloid,  containing  kernel-shaped  ca- 
vities filled  with  mineral  matter  of  a 
different  kind,  52.  22^  liifL 

Amygdidoidal  basalt  or  wache,  246 ;  cor- 
railitc  found  in  it,  i6. }  alternates  with 
limestone,  247  . 

T  T 


Ancient  condition  of  the  Weald  countrgt 
Dr.  Mantell's  description  of,  3:ui. 

Andes,  seat  of  active  volcanoes,  ;  Hum- 
boldt's account  of,  95 ;  covered  by 
masses  of  porphyry  and  basalt, 

Angle  of  inclination  explained,  £LL  iifL 

Anhydrous  gypsum,  devoid  of  water,  57  ; 
occurs  in  beds  in  the  Alps,  ib. 

Animal  kingdom,  division  of,  by  Cuvicr, 

Animal  life,  resists  the  effects  of  chemical 

affinity  and  pressure.  Pre.  Obs.  xliii. 
AnoplotheriujH,  an  extraordinary  animal, 

found  in  tlie  Paris  basin,  '^R'A 
Anthracite,  a  species  of  coal  that  burns 

without  smoke,  1 74  ;  of  Pennsylvania, 

a  variety  of  common  coal,  190. 
Anticlinal  line,  what,  QQ. ;  of  the  clialk 

formation,  347. 
Arched  stratification,  71.  H5.  256. 
Argillaceous  earth.     See  Alumine. 

  schistus.    Sec  Slate. 

Artesian  veils,   borings  for,  general  in 

France  and  Germany,  fiQIL. 
Articulated  animals,  33^  34. 
Arcres,  forty-two  volcanoes  in,  447. 
Asbestus  occurs  in  the  |>artings  iK'twecn 

beds  of  serpentine,  1 1 9. 
Ashby-tle-la-Zouch  coal-field,  181  ;  section 

of,  196. 

Asia  Minor,  tremendous  earthquakes  in, 
about  the  fourth  century,  4 '27,  428. 

Astronomical  causes  that  might  increase 
the  ancient  temperature  of  the  globe, 

Atmospheric  causes  that  wear  down  the 

surface  of  the  globe,  528, 
Augite,  lj>2^tm^ 

Aurergne,  geology  of,  102.  107.  452 ; 
basalt  of,  460  ;  tufa  of,  4.'i7. 

Ava,  fossil  Iwnes  from,  559. 

D'Avilla,  M.,  his  interesting  work  on 
conchulogy,  and  the  habits  of  mollus- 
cous animals,  47. 

Axis  of  ilevation,  572. 
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Bahiagt,  ProftssoTy  remarks  on  his  theory 

of  dcratioii,  629^ 
BagsAot  Neath  »and,  3fifL  392. 
IhikrwtU,  Mr.  nubrrt,  of  Dishley,  \u%  eipc- 
riments  on  varieties  of  l)recd  in  difTerent 
animals,  402. 

Itantcell  cttremj  with  fossil  Iwnes, 
Jia»alt,  one  of  tlic  family  of  trap  rocks 
(Cliap.  X.  221,)  composition  and  varie- 
tiesof,  passage  of  iMisalt  into  phono- 
lite  and  clinkstone,  and  into  pitchsUmc 
and  trap-porj>hyry  and  trachyte,  226' ; 
pasmpc  of  basalt  into  a  remarkable  por- 
phyry at  Christiania  in  NoT^ay,  iiiil  ; 
basaltic  dykes  231  ;  Clevehuul  b;isaltic 
dvke,  2.S2 — 237  ;  iMiMiltie  dyke  at  the 
tiee  Hills  2:ifl;  iml)edded  iMsalt,  232; 
protruded  Iwisnlt,  2:!8 ;  basalt  on  the 
north  coast  of  Ireland,  from  Bengore 
to  Fairhcad,  242 ;  the  Giant's  Cause- 
way, ib.  ;  of  Statl'a,  2Aa  ;  of  the  Isle  of 
Epg,  ^4-1  ;   earthy  liasalt   or  wacke 

♦  with  agates  at  Wcotlfonl  bridge.  ; 
organic  remains  in,  ih.  ;  :;lteniations  of 
basnit  with  limesttme  in  Sicily,  247  ; 
basalt,  experiments  on.  by  Mr.  G.  Watt, 
248 ;  by  Sir  James  Hall,  249;  theory 
of.  by  Werner,  its  op|MMition  to  facts 
'2S1  ;  basalt  o(  Massacliusels  and  Nova 
Srotia,  253  ;  diflerence  between  com- 
pact basalt  and  cellular  lava,  2<i':>. 

Beam,  fossil  species  found  in  caverns  sui>- 
posod  to  be  extinct,  519- 

Btnumnnt,  M.  Elie  on  the  formation 
of  compact  l»a-snlt,  !i511;  his  division  of 
the  tertiary  strata,  405  ;  on  craters  of  ele- 
vation, 4ft 4  ;  on  the  elevation  of  moun- 
tain ranges  564.  5(79. 

Bint^  or  elunch,  argillaceous  beds  of,  in 
coal  strata,  102.  198. 

Birdf,  fossil  remains  of,  rare,  .17. 

Bitumen,  found  in  a  soft  state  in  the  tufa 
of  Auvergne,  1  75. 

Blaek  lead.     See  Phimltngo. 

Black  coal.     Sicv  Coal. 

Blocks  of  rock,  transportation  of,  527 — 
53Q;  scattered  on  distant  mountains, 
591 — 593  ;  kpecidations  on  the  nuwle  of 
their  trans]>ortatii)n,  593.  594. 

Blue  John.     See  Fluor  SjHir. 

Boiling  springs.    See  Thermal  waters. 

Bancs,  Dr.  Jenncr's  experiments  on,  2fl; 
analyses  of,  35L 

■       fossil.    Sec  Organic  remains. 
Botallack  mime  in  Comm-all.  493. 
Botany  fossil,  importance  of,  43. 
Bou^,  M.,  his  opinions  respecting  fossil 

coDobolog)'.    Sec  Preface  x. 


Boulogiu  cliff,  subsidence  of,  539- 

Bovnj  or  icootl  coal,  1 7fi.    See  H'ood  ceoL 

Breccia,  wiiat,  2Si ;  osseous  at  Gibraltar 
and  near  the  Mediterranean,  also  in 
New  Holland,  524  ;  examinatioQ  of 
these  bones  by  Cuvier,  ib. 

^reedon  HiU,  m^^esian  limestone  of, 
141  ;  singular  stratification  of,  LllL 

Brongniart,  M.  Adol.^  on  the  origin  of 
vegetable  carl)on,  175. 

  M.  Alex.,  on  tlie  coal-mines  of 

St.  Etienne,  181. 

Buckland,  Dr.,  on  (bssil  winged  insect^, 
JL5 ;  on  the  eyes  of  the  trilobite,  150  i 
on  flying  lizards  liii ;  on  subterranean 
trees  at  I^ul  worth  cove,  ;  importai.t 
discoveries  of,  at  Kirkdalc,  and  enHme- 
ration  of  caveni  bones  found  there,  521. 
522. ;  his  Bridgwater  treatr!>e  and  pUte^ 
frequent  references  to ;  on  the  Wey- 
mouth district  conjointly  with  Mr.  dc 
la  Beche,  liSii* 

Bumtvooti  (fuarry,  vegetable  remains  iu, 
1  Ml. 

Burrh  stonis  or  millstones^  Qfifl. 

C. 

Cadcr  Idris,  crater  of,  229 ;  columnar 

trap  of,  2dLL 
Calcaire  .-ilpinc,  261. 

'  groatier,  or  coarse  limestone  of 

Paris  379 ;  organic  remains  in,  t*.  ; 
not  found  in  England,  3?<0 ;  localities 
of,  in  Enro|ie,  ih. 

———  silicetjr,  of  the  Paris  b&sin.  liMl; 
furnishes  mill-stones  ib.  ;  silictatc  of 
niagnesia  disc«)vcrctl  in,  ib, 

 de  transitiim,  lliJL  1.39. 

Calcareous,  fom>ed  of  lime,  5D» 

  matter,  whence  derived,  35 1 . 

  sandstone  of  Australia,  of  Coin- 
wall,  Gundaloupe,  'ilL 

  spar,  crystallist'd  limeMonc.  57. 

 .  strata,  formation  of,  CIrap.  XIV. 

349. 

  tufa.  547. 

Calcifrrous  s*ind*tone,  in  the  Wealden,  an,l 

in  Hastings  sand,  32f>. 
Culinar  resembles  the  animal  that  contains 

the  s])irula  shells  Pre.  Obs.  xxxr.  cut 

of,  ib. 

Caradach  sandstone,  L55i 

Carbon,  forms  a  constituent  part  of  many 
slate  rocks  5J  ;  the  principal  consti- 
tuent part  of  coal,  ih.  ;  combinrti  with 
oxygen  forms  carbonic  acid,  ih.  ;  an 
original  element,  1L5;  principal  am- 
stituent  part  of  vegetables  L52;  from 
whence  derived,  1 74. 
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CnrbouaU  of  lime,  SiL,    See  l.imettone. 

Carbonic  acid,  or  6xed  air,  a  constituent 
part  of  limestone  rticks,  5&  ;  favourable 
to  vej^ation,  1 7n. 

CarboniferouM  limestone,  a  name  given  by 
some  p;eoI()gi&ts  tu  mountain  limestone. 
See  Mountain  limtstoiu. 

Cavern*,  Cliap.  XXI.  508  ;  chiefly  occur 
in  limestone  rocks,  ib.  511; 
formed  by  subterranean  current*  and 
rivers,  513  ;  at  Adiesberp,  il£ ;  in  the 
Isle  of  TTiermia,  il2 ;  of  Gaylcnreuth, 
5-LS  ;  of  Miallet,  ;  in  the  liouth  of 
France,  witli  human  bones,  516.  518  ; 
of  Hancogne,  near  Angoulume,  with 
human  and  quadrujjed.il  bones,  518. 

•  EngliaJt,  in  which  fuisil  bones 

have  been  discovered,  51iL. 

Ceilular,  full  of  pores  as  in  some  lavas,  5SL 

Cdti,  ancient,  destroyed  by  Ctesar  in  their 

caverns  517. 
Central  heat  in  the  earth,  C  ;  opinions 

respecting  it,  CA)l.  (iOH. 
Cephalopodts,  general  character  of,  Pre. 

Ohs.  XXXV. 
Cetaceous  animals,  fD£>il  remains  of,  Sfi* 
Chalcethmy, 

Chalk,  Chap.  XV.  aiil ;  tabular  arrange 
ment  of,  riHH  ;  scarcely  ony  traces  of,  in 
Scotland,  but  occurs  in  Ireland,  ib.  ; 
fossil  remains  exclusively  marine, 
■S4.'t ;  vegetable  remains  in,  vi-ry  feu*, 
ib.y  equivalent  of,  discovered  by  Dr. 
Morton,  in  North  America,  asitociated 
with  tertiary  strata,  ;  lignite  bed 
of,  in  the  lower  chalk  near  Rochelle, 
ib.  ;  scaglia  in  tlie  Tyrolese  Alps,  a 
variety  of  chalk,  liiS ;  occurs  with  lias 
and  oolite  in  Savoy,  2i£  i  in  a  liquid 
state,  ejected  from  the  volcano  of  Ala- 
caluba  in  Sicily,  35'2  ;  the  foundation 
rock  round  Paris,  369. 

 strata,  formation  of,  by  aqueous 

eruptions  holding  calcareoui  earth  in 
solution  or  suspension,  .34<)— 352. 

  beds,  elevation  of,  3-17. 

 marl,  MSh 

Chrittiania,  in  Norway,  trap  rock  near 
there,  changing  into  granite,  *222e 

Charleaworthy  Mr.,  on  tlie  Crag  of  Suf- 
folk, 416.  636. 

Chamwood  Forest,  granite  of,  more  an- 
cient than  that  of  the  Alps  257. 
sandstone  of,  252. 

Chert,  in  mountain  limestone  or  marble. 

Chili,  eartliquakc  there,  in  1 822,  lilS  ;  m 
1835,  coast  pcnnancutly  raised  by,  ilSi 
—433. 

T  'J 


Chimborasso,  in  the  diain  of  tlic  Andor, 
alK)vc  one  mile  higher  tlian  Mont  Ulanc, 

Chlorite  (from  chloros,  green),  nearly  allied 
to  talc,  5JS ;  constitucjit  parts  of,  ib.  Sec 
also  Talcous  slate,  UJL 

C/atke,  Rev.  W.  his  opinions  of  tlie 
Crag,  Hi 

Cl'iy.    See  jllumine. 

Cbty  slate.    See  Slate. 

Cleuvage  of  slate  mistaken  for  stratification 
or  strata  seams,  70. 

Cleveland,  basaltic  dyke,  232 ;  tabidar 
arrangement  of  the  oolite  beds  of,  31  7. 

Clinkstone,  or  phonolitc,  226.  230. 

Cloud^a  Hill  dolomite  limestone,  singular 
stratification  of,  141. 

Clunch  clay,  or  Oxford  clay,  312. 

Coal,  varieties  of,  LZi  ;  origin  of,  17;!. 
174  ;  derived  from  vegetable  remains, 
177.  180;  conversion  of  vegetable 
matter  into  coal,  LB3 ;  cool  of  England, 
annual  consumption  of,  1^;  period  of 
its  exhaustion  in  England,  IQI.  195 ; 
consumption  of  coal  in  the  production 
of  iron,  195i  liMi ;  imjiolicy  of  ad- 
mitting  the  es|>ortation  of  coal,  195. 

 search  for,  in  new  situations,  cautions 

required,  lh7.  189. 

 in  Staffordshire,  remarkable  bed  of, 

16H. 

 imperfect,  in  secondary  strata,  ilL5  ; 

in  Savoy,  186. 

 of  the  tertiary  strata  or  wood  coal, 

176,  177  ;  wood  coal  at  Bovey  Heath- 
field,  at  Alpnach,  in  SwiUerland, 
187. 

Coal  Jieldf  an  assemblage  of  measures  or 
strata  associated  with  beds  of  coal,  the 
term  explained,  160;  coal  measures  or 
strata  of  Derbyshire,  aggregate  thick- 
ness of,  lii2  ;  coal  fields  of  Uniitcd  ex- 
tent, 163 ;  the  strata  often  bent  into 
basin-shaped  concavities  perhaps  ori- 
ginally lakes,  UH ;  coal  field  of  South 
Wales,  liLS  ;  of  the  Clee  Hills  in  Slirop- 
sl»ire,  1  fiii ;  coal  fields  broken  by  dykes 
or  faults  166,  167  ;  contortions  of  coal 
strata,  LCii ;  explanation  of  the  arrange- 
ment of  strata  in  a  coal  basin,  liH; 
small  coal  fields  called  swilleys  in 
Yorksliire,  178 ;  recurring  series  of 
similar  strata  in  coal  fields  180 ;  ex- 
ample of  the  same  in  a  section  of  the 
coal  mines  at  Ashby  Wolds,  197,  198. 

Coal  Jiilds  in  the  valley  of  the  Mississippi, 
629  ;  coal  fields  in  the  valley  of  the 
Ohio  present  extraordinary  facilities 
for  the  working  of  coal,  f232 ;  coal 
strata  associated  with  iron  stone,  LI3  ; 
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precautions  necessary  in  the  establish- 
ment of  iron  furnaces, 
Coal  formations^   the    term  explained, 

■         loealiiiet  of,  in  various  parts  of 
Europe,  189  ;  in  America,  1^. 
 meatureB,  definition  of,  IfiO. 

 mtKet,  depths  of,  in  England,  1£S ; 

of  St.  Eticnne,  I8J  ;  section  of,  196. 

»  «/rato  upraised  by  faults,  disappear- 
ance of,  the  most  remarkable  pheno- 
menon in  geology,  Chap.  I X.  2QQ ; 
section  of,  2Q2;  faults  in  coal  fields, 
dip  and  direction  of,  204 ;  coal  strata 
sometimes  broken  and  compressed  by 
lateral  pressure,  202;  removal  of  the 
upraised  strata  general  if  not  universal, 
gOfl  ;  six  leading  geological  facts  re- 
lating to  conl  strata,  2Q2 ;  fresh  water 
fonnation  of  coal  strata  proved  by  the 
beds  of  freshwater  shells  210 ;  other 
proofs  of,  ib.  ;  the  lowest  coal  mea- 
sures sometimes  intermixed  xvith  marine 
shells,  ib.  ;  coal  strata  deposited  in  fresli- 
watcr  lakes  or  in  estuaries,  and  not 
drifted  from  a  distance,  21 1  ;  subse- 
quently submerged  under  the  ocean, 
S09 — 212  ;  at  a  later  period  raised  above 
the  surface,  proved  by  the  faults  that 
intersect  coal  fields,  212 ;  on  the 
forces  that  have  removed  the  strata 
lifted  up  by  faults,  214  ;  comparison 
of  strata  up-heaved  by  faults  with  the 
elevation  of  mountain  ranges  2 1 5 — 2 17. 

Coast  of  Malabar,  elevation  of,  ■'>4 1. 

Cols,  or  depressions  in  mountain  ranges, 
fij  ;  their  fonnation  explained,  ■'>H0  ; 
passages  of  the  Alps  made  by  excava- 
tions in  sofl  slate,  81. 

Col  de  Balme,  KL 

Columnar,  or  prismatic  structure,  (xL.  2!1£L 
244. 

Compact,   witliout    any  distinguishable 

parts  5*L 
Compact  felspar,  or  eurite,  99. 
Complej^ty  of  organization    in  animals 

does  not  imply  perfection  of  structure, 

Concholoffi/,  fossil,  not  alone  sufficient  for 

the  identification  of  strata  in  distant 

countries  4G.  397.  f>35. 
Coneretional  formation  of  mineral  masses 

and  strata,  25fL 
Conformable  position,  G7. 
—    transition  rochs,  obser\'ations 

on,  153. 

Conglomerates,  largo  fragments  of  stone, 
%vbether  rounded  or  angular,  imbedded 
}u  clay  or  band:>tunc,  ^  LLL  2±L 


Contemporaneous,  the  term  CTplaiiied, 
221 ;  formations  225* 

Omybeart,  the  Rev.  W.  D.,  on  fosal  sau- 
rian animals  26^ 

Coral  Islands,  formed  by  polypi,  115  ; 
Captain  Beechy's  account  of,  ib. ;  coral 
reef  700  miles  in  length,  west  of  Aui- 
tralia,  553. 

  rag,  fy)Q.  ai2» 

Corttier,  Af,,  his  mechanical  analyses  of 
lava,  480  ;  his  theory  of  central  heat. 

Comment,  a  term  used  by  De  Saus^ure,  for 
a  mixture  of  hornblende  and  fdspar, 
122. 

Combrach,  272.  ai  U 

Coves  or  caves  of  Yorkshire,  51 1 . 

Crag  of  Norfi'lk,  beds  of  sand  and  gravel 
provincially  so  called,  414  ;  shelly  crag, 
the  crag  of  geok^gists  its  geological 
importance  greatly  overrated,  415^  US ; 
IVIr.  S.  Woodward's  measurement  of 
the  beds  at  Brnmmerton,  ib. ;  mam- 
malian remains  in,  417,  418. 

Crag  of  Suffolk,  41ft ;  crag,  fossil  sheUs  in, 
extraordinary  opinion  respecting. 

Craters  of  elevation.  Von  Buch's  theory 
of,  401  ;  examples  of,  in  Mount  Soroma* 
4fi5  ;  and  Monte  Nuovo,  467. 

Craters  of  eruption,  464. 

Cram*,  limestone  of,  144. 

Creta,  a  sofk  limestone,  ejected  from  M»- 
caluba,  354. 

Crieh  Cliff,  arched  stratification  of,  148  ; 
metallic  veins  in,  ib. 

Crocodiles,  fossil  remains  of,  very  com- 
mon, 21»  327 ;  liead  of,  found  by 
E.  Spencer,  in  tlie  Isle  of  Slieppcy, 
374  ;  cut  of,  ib. 

Cromer,  cliffs  of,  undermined  by  lard 
Pl)rlngs  5n«. 

Ctojtping  ovt,  in  miners'  language,  170. 

Cross,  Mr.,  his  experiments  on  the  for- 
mation of  metallic  ores  and  minerals 
-SO?. 

Cross  courses  in  veins  493. 

Cr«*<  of  the  globe,  comtmrative  thicknes 

of,  223- 

Crystalline  or  primary  limestone  Chap.  VL 
lOtS  ;  often  intermixed  with  mica 
slate  and  serpentine. 

Cv/m  or  stone  coal  of  South  Wales  now 
also  called  anthracite,  and  employed 
to  smelt  iron  ore  without  cokeing, 
17" 

Culm,  or  hard  coal  of  Devonsliire.  !  ''»•<. 
Cumea,  ancient  city  of,  founded.  1200 

years  before  Christ,  in  the  crater  of  a 

vukanoi 
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Curved  strata^  where  tlic  strata  encircle 
the  mountains  Like  a  mantle,  IQ ;  in- 
stance of,  in  tlie  I^kc  of  Bourget,  and 
the  Montagne  de  Tuille,  71. 

Cuvier's  dasufication  of  the  animal  king- 
dom, 3il ;  his  remarks  on  comparative 
anatomy,  384.  557. 

D. 

Darwiny  Mr.  C,  on  Coral  Islands,  S5iL 
Daubeny,  Dr.t  Chemical  Professor  at  Ox- 
ford, on  the  geology  of  Sicily,  '247 ; 
on  the  extinct  volcanoes  of  the  llhine, 
461. 

Density  of  the  earth,  5 ;  of  Saturn,  and 
other  planets,  608. 

Dent  tTAlen^on,  522± 

Denudations,  5»7- 

Deshat/es,  M,,  his  attempt  to  establish  the 
relative  ages  of  formations  by  organic 
remains,  independent  of  superposition, 
li99  ;  objections  to  his  system,  ^lOJL 

Detnoyert,  A/.,  his  obscr>ations  on  the 
human  bones  found  in  caverns,  ■'>17. 

Devonthire^  coal  formation  in,  Lili  liLi. 

Diabase.     Sec  Greenttone. 

Diahleret  mountains,  fossil  remains  on 
their  summits,  g.^H. 

DiaUage,  or  schiller-spar,  crystallised  ser- 
pentine, 5jGl.  L2£L 

Dicotyledonous  plants,  1 1 . 

Diluvian  affcnry,  its  effects  in  denuda- 
tions and  trans})ortion  of  blocks  of 
rocks,  5P9f 

DUuviufn,  or  diluvial  l>eds,  52&  i  fossil 
remains  of  large  quadrupeds  in,  5SAa 

Dinotheriutn,  tooth  of,  5C£L  fi.'H. 

Direction  of  a  metallic  vein,  48fi. 

Disintegration,  or  wearing  down  of  rocks, 
S2fl;  instances  of,  in  England,  52^;  of 
Mont  Grenier,  533  ;  rapidly  going  on 
in  the  Alps  ;  causes  of,  -'?rt7 ;  ad- 
vantages of, 

Dolerite,  composed  of  felspar  and  augitc. 

Dolomite,  a  magnesian  limestone,  51m 
117;  forms  vast  beds  in  the  western 
Al|>s,  ib. ;  Von  Buch's  tljeory  respect- 
ing it,  1 6. 

Dome-shaped  mountains  in  jiuvergne,  their 

origin,  457. 
Dome,  hollow  volcanic  one,  4.^8. 
Druses,  or  hollows  in  metallic  veins,  487. 
Dudley,  transition  limestone  of,  LJfii  1^  ; 

basalt  of,  244. 
Dudley  fosiil.     Sih;  Trilobite. 
Durham  and  Northumberland  coal  mines, 

probable  duration  of,  liii  ;  further  re- 

luarks  on  their  duration,  1  Qi. 

T  ' 


Dykes  in  coal  vtrata  im{icrvious  to  water, 
167;  importance  of  this  circumstance,  ib. 

 basaltic, 

— —  volcanic,  t?41. 

E. 

Earth,  form  and  density  of,  5 ;  superficies 
of,  1 ;  small  portion  of,  liabitable  by 
man,  ib.  ;  condition  of,  during  tlie  tran- 
sition epoch,  156,  157  ;  certain  con- 
ditions of,  tliat  can  never  recur  again 
by  known  existing  causes,  G07  ;  former 
high  tem()erature  of,  fL  flfi ;  on  various 
sources  of  heat  affecting  the  tcm}>era- 
ture,  Chap.  XXV.  ■•»0';. 

Earths,  simple,  of  which  rocks  are  prin- 
cipally composed,  when  pure  are  in- 
fusible, 4<L 

Earthy,  composed  of  minute  parts,  tc- 
sembting  dried  earth,  53- 

Earthquakes,  Chap.  XIX.  42.3 ;  general 
phenomena  of,  424 — 426;  connection 
with  volcanoes,  t6. ;  distance  to  which 
earthquakes  extend,  425 ;  affect  dis- 
tant siirings  and  wells,  ib.  ;  earth- 
quake at  Geneva,  4*27  ;  frequency  of 
earthquakes  at  particular  periods,  ib.  ; 
at  Lisbon,  and  over  Euro^ie,  4*28 ; 
earthquakes  more  powerful  in  mines 
than  on  the  surface,  420 ;  destructive 
waves  caused  by,  4.'K) — 43.3 ;  earth- 
quakes in  England,  433;  electric  theory 
of  earthquakes,  IM;  carthijuakc  at 
Valparaiso,  liliL 

Eboulements,  104.  £30*  5Mx 

Edwards,  Dr.  Milne,  on  a  species  of 
polypi,  416 ;  also  Pre.  Olw.  xxxvii. 

Elementary  substances,  of  which  tlie  solid 
matter  of  the  globe  is  composetl,  4iL 

Elephant,  fossil,  in  ice,  discovered  in  Si- 
beria, 3B  ;  living  elephants  in  the  Him- 
alayan Mountains  witli  shaggy  hair, 
ib.  ;  fossil,  supposed  by  Cuvier  to  dif- 
fer from  elephants  now  living,  'Ail ; 
some  species  fitted  to  live  in  cold  cli- 
mates, 55il ;  probably  migratory,  i6. ; 
immense  numlK'rs  of  their  bonts  and 
tusks  found  near  the  Frozen  Ocean, 
ib.  ;  teeth  of,  found  by  hundreds  on 
the  Norfolk  coast,  417. 

Elevation  of  granite,  259  ;  of  rocks,  two 
epoclis  of,  25fi* 

 of  mountain   ranges   and  con- 

tinents.  Chap.  XXII.  526  ;  of  the 
granite  of  Ch.irnwootl,  more  ancient 
tlian  tliat  of  Mont  Ulanc,  563  ;  of  the 
Cote  d'Or,  &c.,  5fil ;  of  the  Pyrenees, 
565  ;  of  the  western  Alps,  105.  566  ; 
Provence  and  Mon^  Blanc,  566.  .1<<7. 
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Eltvatlon  of  lirtft  cotUinent;  distioct  from 
that  uf  niountaiu  ranges,  .570  ;  of  the 
Himalaya  MuunUiiits -^l^  »  elevaiiun 
of  tlic  central  ranj;e  in  Yorksliire,  512  ; 
of  yic  coast  of  Chili,  .574  ;  elevation 
accompanied  by  sul>sidence,  575,  57G. 

—  of  mountains  and  strata,  8U ; 

by  subterrnneiui  heat,  105. 

EUh  bones  of,  found  in  Ireland,  558. 

Eicon  of  Cornwall  is  a  porphyritic  euritc 
or  white  stone, 

England,  gcoloyical   map  of,  explained, 
16  ;  index  outline  of,  C>l:i. 
ntrevcines  coalmine,  lUG. 

Ei^uivalcnts,  geological,  the  term  expLiined, 
255. 

Escarpment,  the  i>tee]iest  side  of  u  moun- 
tain, lii;  generally  on  the  side  uf  n 
mountain  range  nearest  the  sea,  ih. 

Estuary  near  Lewes,  how  iilled  up  at  no 
distant  period,  411. 

Etna,  eruptions  from,  frequent,  436.  4311; 
structure  of,  4(;4. 

Eupkania  ingulfed   by  an  eartl: quote, 

Euphotide.    Sec  Saussurite. 

Eurite,  or  white  stone,  a  variety  of  gra- 
nite in  which  felspar  predominates,  89  ; 
in  its  most  compact  form,  becomes  a 
porphyry,  ib.  ;  also  called  a  compact 
fel^ar,  22.  L2i 

External  causes  that  change  tlic  surface  of 
the  globe,  122* 

External  structure  of  rocks,  52. 

Extinct  species  of  animals,  (irobablc  mis- 
takes respecting  tlieni,  556'. 


F. 


Fall  of  mountains,  cause  of,  531  ;  of  Mont 
Grenicr,  533  ;  instances  of,  j  at 
Pleurs  near  Milan,  5.'?6. 

Faluns,  or  marls  of  tlie  Loire,  40fl. 

Faults,  or  breaks,  I GQ.    Sec  Dgkes. 

 vertical    and    lateral    effects  of, 

206  ;  the  general  phenomena  they 
present,  202 — 208  ;  coal  strata  raised 
above  the  surface  by  faults  disap- 
pearance uf,  ib.  ;  the  author's  opinion 
respecting,  212 — 215.  ;  different  effects 
of  faults  and  mere  fissures,  217  j  errors 
res{>ecting  faults,  21iL 

Faulty  ground  in  coal  fields,  169. 

Felspar,  or  feldspar,  less  hard  than 
granite,  53 ;  analyses  of,  5A ;  con<iti- 
tutes  the  principal  part  of  porphyries, 
ib.  ;  liable  to  decompose  from  tlie  pre- 
sence of  potash,  ib.  ;  fusible  without 


the  .ndditian  of  alkalies,  and  furots 

gla!«,  53* 
FclsjHir  porphyry  of  Cornwall,  iiH, 
FclspatJtic  granite,  in  which  feUftar  is  the 

principal    ingredient,   89 ;    calhrd  bj 

Werner,  white  stone,  ib. 
Fibrous,  composed  of  long  uiiuute  fibres, 

59. 

Fire  clay,  164. 
 (lamp,  189. 

 stone,  or  upper  green  sand,  34iL 

Fish,  thrown  out  during  vulcattic  cruj>- 
tions,  445. 

Fitton,  Dr.,  ou  Portland  Sand,  313 ;  or 
the  Purbeck  and  Wealdvn  strata,  ti'JH, 
;  on  tlu!  extent  of  the  Wealden  bcd> 
in  England  and  in  Fr-mce,  333.  :i34 ; 
on  concretions  in  green  sand,  356. 
Flint,  in  and  under  chalk,  3il;  its  origin, 
312  ;  a  siliceous  earth  nearly  pure,  it.  ; 
flints  often  fall  to  pieces  when  taken 
out  of  the  chalk  beds,  ib. 
Flinty  slate  contains   more   silex  than 
common  slate,  132  ;  when  it  ccase»  to 
have  tlie  slaty  s-tructurc  becomes  horn- 
stone  or  pctro-silex,  ib. ;  if  it  contains 
crystals  of  fels]>ar,  becomes  homstooe 
porphyry,  ib. ;  localities  of,  ib. 
Floetz,  or  parallel  rocks  of  Werner,  128* 
Fluor  spar  mine  near  Castleton,  iHL^ 
Flying  Lizard,  or  pterodactyle,  found 
fossil,  S5. 

Foliated,  like  thin  leaves  laid  over  each 
other,  52. 

FolAstone  marl,  or  gait,  333. 

Fotttainbleau  sandstone,  32fL  387. 

Footmarks  in  new  red  sandstone,  2a5« 

Forest  marble,  5^1 1. 

Formations,  geological,  explained,  (i5s 

Fossils.     See  Organic  remains. 

Fossil  conchology,  46 ;  observations  on 
the  extent  of  its  a|iplication  to  geo- 
logy, 398.  400. 

Freestone,  313.    See  OoUte. 

Freshwater  formations,  in  the  lakes  nf 
North  America,  9>C»4 ;  in  the  Paris  ba- 
sin, .S79;  in  the  Isle  of  Wiglit,  319 ; 
at  CEuingcn,  412. 

-  limestone,  at  Burdie-house  un- 

der coal,  210 :  of  the  tertiary  forma- 
tions, Cliap.  XV 11,  3G3.  3iil  ;  in  re- 
cent lakes,  548. 

Fuller's  earth,  310. 


Gait,  or  Folkstonc  luarl,  338. 
Geodes,  found  in  green  »and  near  Sid- 
mouth,  332. 
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Gtoffraphy,  phy$tctdj  its  i  elation  to  geo- 

Geology,  its  objects  explained,  ^ 

,  advantages  to  be  derived  from 
the  study  of,  Cilil ;  I'rofessor  Sedg- 
wick's remarks  on  the  study  of,  fill. 

Cerffovia,  bones  of  land  animals  found 
there  in  freshwater  limestone,  3S4. 

(JlvtUilt,  in  Scotland,  peculiarities  of  gra- 
nite there,  1)8. 

(Jloliular  struciuret  GH  }  in  basalt,  ex- 
plained, 249. 

(JiitHt's  Cuusewiit/f  2iiL 

Cnei'gs,  a  schistose  or  slaty  granite,  28  ; 
alternates  witl»  massive  granite,  Oil  ; 
Clmp.  VI.  108  ;  called  secondary  gran- 
ite by  some  geolt>gists,  109  ;  has  often 
a  waved  form,  ib.  ;  contains  most  of 
the  metallic  ores,  ib. ;  tiie  ]frincipal 
rock  formation  of  Sweden,  ib.  ;  not  a 
stratifie<l  rock,  ib. 

Gobi,  native,  found  in  England  and  Ire- 
land, 505. 
■  mines  in  Carolina,  504. 

GortUa  Star,  144. 

Granit  veini  of  Saussurc  an  incipient 
gneiss,  109. 

Granite,  Chap.  V.  Si? ;  composition  of,  fi7  ; 
sometimes  globular,  30 ;  vertical  beds 
of,  ^  ;  Mont  HIanc,  the  highest  point 
at  which  it  Ls  known  to  occur,  ib.  ;  lo- 
calities of,  as  ;  at  a  lower  level  in 
North  America  tlian  in  Europe,  (6.; 
identity  with  sicnite  maintained  by 
Dr.  ^Iac  Culloch,  100;  relative  ages 
of,  101 .  ISG.  ;  elevation  of,  100 ;  sup- 
posed protrusion  of,  among  secondary 
rocks,  105. 

Granitic  mountaittt,  aspect  of,  2Q, 

 vcin9  shoot  up  into  superin- 
cumbent rocks,  on ;  instance  of,  at 
Mouseholc  in  Cornwall,  ib. ;  also  at 
Glentilt,  <ia. 

Granular,  com)>oscd  of  grains,  5iL 

Gravd,  !>eds  of,  on  the  summits  of  de- 
tached hills,  5Rf). 

Grwn  marl  of  the  Paris  basin,  afi3. 

 sand,  the  arenaceous  beds  below 

chalk,  so  called,  fijl ;  |>osition  of, 
descripti«»n  of,  339 ;  upper  and  lower 
green  sand  se]>arated  by  a  lied  of  stitF 
clay  called  gait,  ib.  ;  the  lower  green 
sand  generally  ferruginous,  339. 

Greenstone,  the  diabase  of  the  French, 
122.  152.  22JL 

Gris  rouge,  gres  des  Vosgea,  grd»  higarre, 

Grrywacke,  or  grcywackc  slate,  German 
grautcacke,  Trench  traumatef  134 ;  a 


coarse  slate  contoiniag  particles  of 
other  rocks  and  minerals,  ib.  ;  when 
the  particles  arc  very  minute,  passes 
into  common  state,  16.  ;  when  the  frag- 
ments are  numerous,  and  the  slate, 
scarcvly  jicrceived,  resembles  coarse 
sandstone  or  gritstone,  ib.  ;  described 
by  the  French  as  a  transition  sand- 
stone, ib. ;  formation  of,  conglom- 
erate a.ss<Kriated  with,  16. 

Guadaloupe,  skeleton  of  a  woman  found 
in  the  calcareous  sandstone, 

Gypseous  marl  and  gypsum,  detached 
hills  on  the  banks  of  the  Marne  and 
Seine,  38 1  ;  gypsum  formation,  ib.  ; 
organic  remains  in,  ib.  ;  bones  of  large 
(]undrupeds  found  in,  3»'2 ;  liones  of 
birds  found  in,  3 S3 ;  freshwater  shells 
in,  separated  from  the  marine  shells 
by  a  bed  of  green  nmrl,  ib. 

GyjHiim,  or  sulphate  of  lime,  called  also 
plaster  stone  and  plaster  of  Paris,  less 
abundant  than  carbonate  of  lime,  52  ; 
constituent  i>arts  of,  ib.  ;  accompany- 
ing rock  salt  in  the  Alps,  anhydrous, 

•  H. 

Hading,  or  dipping  of  a  metallic  vein, 

48fi. 

Hall,  Sir  Jamea,  his  experiments  to  ex- 
plain the  formation  of  iKisalt,  248 ;  on 
limestone  and  chalk,  25Q;  on  sand- 
stone, ii5£i;  his  theory  on  the  forma- 
tion of  valleys  and  on  diluvion  agency, 

Halley,  Dr.,  hypothesis,  (L 
Hastings  sand,  or  iron  sand,  32fL 
Heber,  Bishop,  his  account  of  the  ele- 
phants of  the  Hiimnalaya  Mountains, 
38. 

Height  of  mountains,  table  of.  See  Ap- 
pendix, fi2Q» 

Herbirorous  quadrupeds,  remains  of,  in 
tertiary  strata,  38. 

High   Stile    Mountain,  228 ;  crater 
16. 

Himmalaya  or  Himmaleh  Mountains,  ten 
thous<'uid  feet  higher  than  Mont  Blanc, 
OA  ;  believed  to  be  comiHjsed  of  secon- 
dary and  tertiary  strata,  16. ;  elephants 
of,  M'ith  sliaggy  hair,  3Bs 

Hippopotamus,  fossil  remains  of,  common 
in  England,  France,  &c.,  55g  ;  tooth, 
cut  of,  555. 

Hone,  or  Whetstone  slate,  131. 

Hornblende  rock,  cridled  by  the  French 
amphibolc,  55.  i  melts  easily  into  black 
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elaas,  Ht.  ;  fonns  trap  rocks,  Uk  ;  ana- 
lyses of,  5S.  i  granular  and  lamellar, 

HamUmde  mJoU  fibrous,  and  has  a  vel- 
vet lustre,  121  ;  passes  by  gradation 
into  serpentine,  litl;  rare  in  England, 
but  abundant  in  Scotland,  123 ;  forms 
part  of  the  principal  mountain  ranges 
in  Europe,  ib. 

HomsUme,  or  pelro-silex,  infusible  without 
the  addition  of  alkalies,  SAm 

Hot  springs.     See  TherTual  waters. 

Human  bones  not  diiicovercd  in  a  fossil 
state,  21 .  aiL  552 ;  not  more  perishable 
than  those  of  quadrupeds  note,  39. 

■  skeletons  in  caverns,  intermixed 

with  bones  of  extinct  species  of  quad- 
rupeds, 51  fi. 

Htmd>oldt''s  account  of  the  formation  of 
new  inlands,  Ui ;  on  volcanoes  and  the 
extent  of  volcanic  fire,  42f>.  439.  447. 

Hushing,  used  in  Westmoreland  for  dis- 
covering beds  of  slate,  .'i78. 

Huttonian  theory  respecting  granite,  IHI  ; 
of  metallic  veins,  49j  ;  on  the  forma- 
tion of  valleys,  5B2a. 

Hyma,  bones  of,  in  Kirkdale  cavern, 
522. 

Hyltrosaurus,  or  forest  lizard,  liones  of, 
discovered  by  Dr.  Mantell,  S31  ;  un- 
like any  known  sjiecics,  ib. 


L  and  J. 

Jaspar,  5il;  beds  of,  in  the  Apennines, 

Java,  volcanic  eruptions  in,  449. 

Icthyosfmrus,  3Q3 ;  skeleton,  cut  of,  ih.  ; 
conjectures  resj>celing  its  Iwinj*  an  in- 
habitant of  tlie  present  ocean,  :U>2. 

Jet,  184. 

Iguanodon,  an  enormous  fossil  herbiver- 

<ius  reptile,  discovered  by  Ur.  Mantell, 

teeth,  cut  of,  'Xh  iifi* 
Imbedded  rochs,  2Aa 
Inclination  of  strata,  61. 
Inferences,  six  practical  ones  from  fossil 

organic  remains,  ML 
Insects  rarely  found  fossil ;  remains  of  in 

Stonesfield  slate,  ILi.  315. 
Institutes  of  Menu,  24* 
Intermediate  or  transition  rocks,  Chap. 

VII.,  liiiL 
InitnniTtnre   of   igneous    and  aqueous 

rocks  at  the  same  epoch,  by  submarine 

eruptions  and  sctlimentary  de[>osition.s 

IJi'A.  ia5«  351,  a52»  35fi. 


InundationM  of  the  sea,  occBiaoned  by  vol- 
cauic  eruptions  5&& 

Iron,  a  constituent  part  of  numerous 
rocks,  49x  50. 

Ironstone,  in  the  cool  strata,  probably  a 
freshwater  formation,  1 S-J ;  numerous 
regular  alternations  t)f,  in  tlie  Ashby* 
de-la- Zouch  coal  field,  197.  19S  ; 
occurs  in  the  freshwater  beds  of  Sussex, 
which  formerly  supplied  a  groat  part  of 
England  with  iron,  3 '27 ;  enormous 
mass  of  iron  ore  in  the  Vidley  of  the 
Missouri,  62Qm 

Iron,  metallic,  annual  consumption  ot,  in 
Great  Britain,  ;  amount  of.  pro- 
duced in  Scotland,  105;  quanuty  of 
coal  consumed  in  the  production  of 
iron,  195.  19G  ;  great  improvement  in 
the  smelting  of  ironstone,  Lii(L 

Islands  formed  by  submarine  volcanoes. 
4^1 ;  recent  formation  of  an  island  near 
Sicily,  phenomena  that  attended  its 
appearance,  442,  443  ;  islands  formed 
of  coral ;  see  Coral.  Islands  tempe- 
rature of,  more  e«]ual  than  tliat  of  con- 
tinents in  the  same  latitude,  J>97. 

Itothermal  lines,  or  lines  of  equal  tem|KV 
rature,  not  imrallel  with  line»  of  latitude, 

Jungfrau  mountains,  105. 
Jura  range  of  mountains, 

K. 

Kamenoi,  a  vulcanic  island  raisixl  in  a 

solid  mass,  4fi3. 
Kaolin,  soft  earthy  granite  useil  for  |>orcc- 

lain,  loo. 

Katarotrons,  gulfs  in  the  central  Morea, 
51iL 

Kelloicay  rock,  3 1 '2. 

Keuper,  a  name  given  by  the  Germans  to 
the  red  marl  al>ove  the  new  red  sand- 
stone, 2£IiL 

KiUas,  Cornwall,  QJL  1 33. 

Kimmeridge  clay,  ?mi .  313. 

Kirkdale  cavern,  5t2l. 


Lakes,  filling  up,  by  iUluviiU  matter,  54'J ; 

bursting  of,  ■'>7H. 
 of  Aor/A  America,  extent  and  levels 

of,  'M\4.  366. 
Land,  destruction  and  increase  of,  in  v.i- 

rious  situations  538.  540.  54 2. 
Lateral  compression  of  strata,  a  cut  of,  'JOT. 
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LatMy  480;  fluidity  of,  IflJ  ;  passage  into 
basalt,  2Ma 

Lia$  clay  and  limestone,  mineral  charac- 
ters of,  HOP  ;  fossil  charajters,  3Q2 ; 
extent  of  the  lias  formation  in  England, 
804,  305;  in.sulated  portion  of,  in  Shrop- 
shire, ?y)fi  ;  lias  in  France  and  the  Alps, 
ib. ;  alum  sliale  of,  Whitby,  3iil ;  junc- 
tion of  lias  and  red  marie,  remarkable 
one,  31;  at  Aust  passage,  3Q£^ 

Lignite.    See  Wood  coal. 

Lime,      ;  its  use  as  a  manure,  54  S. 

Limestone,  analysis  of,  ISiQ  i  primary  lime- 
stone, secondary  and  tertiary  limestone, 
see  under  the  diiTercnt  classes. 

Line  of  dip,  and  line  of  bearing,  described, 

Lizards,  fossil,  SI ;  five  gigantic  species 
of,  in  the  Wealden  beds,  321^ 

Locke,  John,  his  opinion  of  the  growth  of 
stones  and  minerals,  522. 

Lodes,  or  metallic  veins,  4051. 

London  clay,  370  ;  characters  of,  312  ;  or- 
ganic remains  in,  374  ;  crocodiles  found 
in,  375  ;  water  from,  impregnated  with 
mineral  matter,  37fi. 

Lonsdale,  Mr. ,  discovers  microscopic  shells 
in  chalk.  Pre.  Obs.  xxxiv.  ;  ascer- 
tains the  geological  position  of  Stones- 
field  slate,  314  ;  his  section  of  the  oolite 
formation  in  Somersetshire,  ^c,  bl7< 

Lnlicorth  cove,  section  near,  322. 

J.ijflian  stone,  L5iL 

Lyell,  Mr.,  his  account  of  fossil  si)ecies 
in  the  Sul>-Apcnnine  range,  403  ;  on 
freshwater  calcareous  fttrmatiuns  in 
recent  lakes,  54 S  ;  his  tlicory  respecting 
the  temperature  of  the  earth,  59H. 

M. 

Macaluba,  in  Sicily,  eruption  of  chalky 
matter  from,  44-K 

Mac  CuUuch,  Dr.,  on  the  formation  of 
coal,  1  a:3  ;  on  the  growth  of  peat,  ."140. 

Mackenzie,  Sir  (Seoryc,  on  the  basalt  of 
Iceland,  2^LL 

Mivlrrjtores  and  coralline  poli/pi,  their  la- 
bours in  forming  new  islands,  1 15. 

Maynesia,  5il ;  a  component  jMirt  of  many 
rocks^  1 18  ;  found  in  some  chalk  rocks, 
341. 

Maynesian  limestone,  or  dolomite  of  the 
Alps,  117;  magnesian  limestonecommon 
in  mountain  limestone,  140  ;  miignesian 
secondary  limestone  associated  with  new 
red  sandstone,  its  {losition  and  extent  in 
England,  'J80 ;  forms  durable  stone 


for  architecture,  284  ;  not  unfavourable 
to  vegetation,  ib. 

Mammalia^  terrestrial,  remains  of,  not 
found  in  the  secondary  strata,  except  in 
one  locality,  conomon  in  tertiary  and 
diluvial  beds,  38^  3^ 

Mammoth,  or  fossil  elephant,  55.S. 

Mcun  Tor,  in  Dcrbysliire,  161. 

Man,  his  recent  appearance  on  the  earth 
adduced  as  a  proof  that  the  former  con- 
dition of  our  planet  was  diflTerent  from 
its  present  sUte,  3£i  ;  bones  of, 
not  found  fossil,  S2 ;  chemical  compo- 
sition of,  1*6. 

Manganese  communicates  a  reddish  colour 
to  rocks,  51 ;  occurs  in  the  green  sand 
near  Sidmouth,  33 Q  ;  irregular  beds 
of,  in  Devonshire,  4Hfi. 

Mantel/,  Gidron,  his  discoveries  of  new 
species  of  immense  lizards  in  the  Weal- 
den l)eds,  327  ;  his  observations  on  the 
ancient  condition  of  the  country  in 
which  the  strata  of  Tilgato  Forest 
were  deposited,  329 ;  interesting  ob- 
jects in  his  museum,  liSS ;  his 
oliservations  on  chalk,  115iL 

Manures,  in  what  way  they  improve  the 
soil,  543, 

Marine  and  freshicater  formations,  their 
alteniationa  in  the  Paris  basin,  370. 
am;  ill  the  Isle  of  Wight,  am; 
marine  and  freshwater  animals  of 
great  size,  singular  intermixture  of 
their  remains  at  Castello  Arquato,  411. 

Marl,  composed  of  calcareous  earth  and 
clay,  5Q ;  its  use  in  agriculture,  545. 

Mastodon^  skeletons  of,  in  North  America, 
55H ;  believed  by  the  Indians  not 
to  be  extinct,  55fi ;  teeth  of,  found 
at  Alpnach,  ai2  ;  a  cut  of,  31&  ;  found 
in  the  Andes,  222 ;  in  Norfolk  Crag, 
554. 

Matlock  High  Tor,  arche<I  stratification 
of,  1^  ;  a  caveni  and  lake  recently  dis- 
covered in,  511. 

Mryalosanms,  an  enormous  ft^il  lizard, 
discovered  by  Dr.  Dockland  in  Stones- 
field  slate,  028  ;  by  Mr.  Mantell,  in 
the  Wealden  l>eds,  ib. 

Megatherium,  an  enormous  animal,  found 
fossil  in  America,  557. 

Meridian,  magnetic,  variable,  and  can  have 
no  relation  to  the  direction  of  metallic 
veins,  50fi. 

Metallic  beds,  and  minerals,  483  ;  ores, 
mcks  in  which  they  ixx-ur,  505^ 

 rei'a^,  their  structure  and  foru.a- 

tion,  486 — 499. 

Mica,  dcscrii>tiou  of,  54* 
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Mica  tUUt,  Jt-scription  of,  1  lOi  its  affinity 
U>  slutu  (clay  slate),  ib.  ;  ullicd  to 
j^ncbfi.  li. ;  iwcurs  in  Anglcioa  and 
in  Irc-luul,  oiid  in  various  Alpine  dis- 
tricts, ii>.  ;  luinurals  cuiiituun  in  mica 
slaU",  1 11. 

MtUxtnnr,  t/rit,  UI2. 

Mill-stume$,  or  burrh  stones,  Urougtit  froq» 

Trance,  iiiS.  diLL 
M'lRtM,  temperature  of,  (KH. 
Miuisfippi,  great  valley  of,  contaios  tlic 

larf^*»t  coal  field  in  the  world,  629; 

structure  of,  LSH, 
Moluxse,  or  soft,  tertiary  Knndstonc,  37 1. 
MuUu$cQu$  aninndt,         'XL  liliiJ ;  those 

without  heads  are  called  acephalous, 

Munkeyt,  bones  of,  not  dU-covereil  among 
fossil  organic  remains  until  very  re- 
cently, a  jaw  bone  found  in  tlic  south 
of  Trance,  ail. 

Mont  Diane,  structure  and  vertical  strata 
of,  <IL 

Mount  G renter,  in  Savoy,  fall  of,  5:iiL 
Monte  Nuovo  and  Mont  Somtna,  craters 

of  elevation,  1^5. 
Moraiiit,  piles  of  stones  carried  down  by 

gbeicrs  531 . 
Mountain  chains  and  rangcu,  1^ 
Mountain  Umettone^  or  upjMir  transition 

limestone.    1251  ;    changes   in,    \A5.  ; 

highly  metalliferous   1^  ;  mountain 

limestoneof  England  and  Wales,  139 — 

 ranges,    elevation   of,  Chap. 

XXIII.  fHiftIm,  561 . 

Mountain*,  table  of  heights  of,  620. 

MuMchel  kaik,  a  series  of  calcareous  strata 
between  the  red  sandstone  and  rc<l 
marl  in  France  and  Germany,  want* 
ing  in  England,  iilil;  niuscbel  kalk  of 
Gennany,  iiZa.  300. 

Muscle-bind,  a  stratum  containing  fresh- 
water muscles  in  the  coal  strata  of 
Yorksliirc  and  Derbyshire,  l£2^  llfi^ 

Murchison,  li.  J.,  on  the  Silurian  system 
of  rocks,  129.  154.  155  :  hb  aceount 
of  the  secondary  strata  of  part  of  Ger- 
many, 318  ;  of  the  frcsliwater  strata  of 
CEniiigen,  413. 


AVv  nomenclature  of  the  tertiary  strnta, 

o1>jcctions  to,  63JL 
Sew  rtd  sandstone,  probalilc  formation  of, 
from  the  debris  of  older  rocks  during 


period*  of  great  convulsion,  and  inter- 
mixed with  submarine  volcanic  erup- 
tions, 2UL  3.')5  ;  red  vandslone  below 
magnesian  limi-stone.  'J?  I  ;  red  sand- 
stone and  marl  above  mogncfium  lime- 
stone, 272 ;  arrangement  of  the  new 
red  sandstone,  where  the  t>eds  are  fully 
develo|>ed,  in  the  Vosges,  224;  the 
upper  or  variegated  red  saud^oe,  the 
gr^s  higarre  of  the  Trencli,  273  ;  mus- 
chel  kalk  in  France  between  tlu;  gris 
higarri,  and  tlie  red  marl,  or  manes 
irri»ee<t  215  ;  red  marl  with  nxk  salt 
and  gypsum,  2S5  ;  extent  of  the  red 
sandstone  and  red  marl  in  the  mid- 
land and  soutli-westcm  counties  of 
England.  277.  279  ;  t'lbuKir  arrange- 
ment of  the  new  red  sandstone  in 
Durham  and  Yorkshire,  by  Professor 
Sedgwick,  2fi5;  in  Cumberland  by  the 
same,  ib. ;  footmarks  of  birds  and  rc\u 
tiles  in  the  new  re<l  sandstone,  ^iLS  ; 
obser^'ntions  and  inquirii*s  relating  to 
the  new  red  t^indstone,  295. 

Niagara,  Falls  o  f,  3t?5. 

Norfolk  Crag.     See  Crag. 

Nottingham  sand  rock,  278.  3£Sh 


o. 

Obsidian,  22fi.  •t7fl. 

Ocean,  depth  and  snltness  of,  & ;  once 
covered  the  present  ctintinents,  1 1 120. 

(F.ningen,  fn-shwater  strata  of,  412. 

Old  red  sandstone,  its  ]>osition  and  cha- 
racters, 135  ;  difficulty  of  distinguish- 
ing the  old  from  the  new  red  sandstone, 
in  certain  localities,  lJ2fi» 

Ontario  lake,  £lfii 

Oolite  Jbrmation,  extent  of,  in  England, 
307  ;  mineral  and  fossil  charac- 
ters, ib.  ;  triple  division  of  the 
oolite  formation,  309 ;  carixmiferous 
straU  in  oolite,  312  ;  Oxford  or  clunch 
clay  separates  the  lower  from  the  mid- 
dle oolites,  ib.  ;  middle  oolite,  division 
of,  ib.  ;  Kimraeridgc  clay  separates 
the  middle  from  the  upper  oolite,  aiS; 
up])er  oolite,  or  Pordand  oolite,  ib. 

Oolite  of  Yorkshire  and  the  Bath  district, 
all ;  of  Germany,  31  R. 

Organic  remains,  fossil.  Chap.  1 1.  2fi* 

Ossenus  breccia  of  New  Holland  and 
Gibraltar,  SitL 

Ox  ford  or  clunch  dag,  312. 

Oyster  beds,  many  miles  in  extent,  occur 
'     in  Eim^pcan  seas,  1 16. 
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P. 

Pnrhtjdermftta,  an  ordoT  of  t)iick-skinnc<l 
manmtalia,  fowtii  remains  of,  abundikTit 
in  the  tertiary  strata,  ilfL  38iL 

Palmntolopy,  the  term  explained,  2fi» 

Paia'o(?writim,  382. 

Pariouy  an  extinct  volcano  in  Auvergne, 
rut  of, 

Pntis  &rm»,  strata  of,  :tfiH  ;  remarkable 
-  fosjol  animals  in,  'M\ — 387. 

Partingt  in  roe/iM,  109.    See  Rents. 

Peat,  182 ;  a  Te|»eta!ile  prmluction,  ■''i48  ; 
peat  fnuors,  ih^  ;  formation  of,  dc- 
scribctl,  S-iOi  human  bodies  preserved 
in, 

Ptbhie»,  stones  rounded  liy  attrition, 
opinions  respecting  them,  .^2(). 

Pentacrimtu,  recently  found  living,  HI. 
description  and  plate  of,  see  Pre. 
Obs.  xli. 

Prjfperino,  a  volcanic  tufa,  481 . 

Perfection  of  stnieture  in  animals  not  to 
be  confounde<l  with  complexity  of  orga- 
nization, 43 ;  I're.  Obs.  xxxvii. 

Petrifactions,  29. 

Petttorth  or  Sussex  marbk',  thin  I)eds  of 
limestone  in  the  Weald  clay,  iiliiL 

Phonolite,  or  clinkstone,  22f>'. 

Photphnric  acid,  a  constituent  part  of 
animal  bone,  combined  with  enlcarc- 
ous  earth,  22 ;  rare  in  the  mineral 
kingdom,  ib. 

Pitchstone,  22&. 

Plaster  stone,  a  common  name  for  gyp 

sum,  ^8. 
Pla^ic  clay,  f^70. 

Pksimamrus,  a  fossil  saurian  animal,  dc 

scription  of,  :UH  ;  cut  of,  ih. 
Plvmbaffo,  or  graphite,  174. 
PooTs  Hole,  144. 

Porphyritie  structure,  what,  51L  L2iL 
Parjihynj,  2.30  ;    trap  porphyry, 

22fL  li2fl ;  felsj)ar  porphyry,  22fi  ;*  of 
the  Andes,  2341;  of  Norway,  221;  of 
England,  228;  of  Devonshire,  279. 
Portland  Inland,  geology  of,  32J  ;  Tort- 
land  saud,  313 ;  Portland  stone,  t7». 

Pot  stitne,  or  lapis  oUaris,  use<l  for  culi- 
nary vessels ;  its  use  of  great  anti- 
quity, L2£L 

Pozzolana,  481. 

Prehnite,  first  discovered  as  an  English 
mineral  by  the  author,  24(;. 

Pressure  o  f  the  ocean,  its  efTccts  at  great 
dqtths.  Pre.  (>l>s.  xliii. 

Primary  rocks,  1  L,  and  Chap.  V.  fi3 ;  classi- 
fications of,  fli  SfL 


ProffTCUtvt  devehpmrtd  of  organic  life, 
explanation  of  the  term,  959 ;  pro- 
gressive advancement  from  lower  to 
higher  forms  in  the  anfmal  kingdom, 
43.  4iL  .957 — 360}  progression  from 
lower  to  higher  forms  of  organic  struc- 
ture in  the  vegetable  kingdom,  from 
the  lowest  transitit^n  rocks  to  the  coal 
strata^  and  from  thence  to  tlic  latci^t 
tertiar)',  41j  42. ;  M.  Ad.  Urongniart, 
maintains  the  same  conrlusiotts,  42Q. 

Protogine,  a  variety  of  granite  in  which 
talc  or  chlorite  supplies  the  place  of 
mica ;  the  bighcHt  granite  of  Mont 
Blanc  is  of  this  kind,  89. 

Protrusion  of  basalt  among  beds  of  sand- 
stone and  limestone,  238 ;  protrusion 
of  granite,  240.  247.  254. 

Puilding  stone,  roundetl  stones  cemented 
by  a  mineral  paste,  £2. 

Pumice  stone,  of  Lipari,  477  ;  sometimes 
thrown  up  by  submarine  volcanoes, 
478. 

Purbeck  beds,  the  lowest  freshwater  l>eds 
of  the  Weald  formation,  .M20 — 323  •. 
position  of,  above  the  Portland  stone, 
see  cut,  322* 

Fuys,  extinct  volcanoes  in  Auvergne  so 
callifl :  Puy  de  Chopine,  4(18  ;  I*uy  do 
Dome,  458  ;  Puy  dc  Pariou,  descrip- 
tion and  cut  of,  455» 

Pyrites  dwompose  and  ignite  by  expo- 
sure to  air  and  water,  4l22^ 


a 

Quartz,  52* 

 rock,  I  S  1.277. 

Quito,  wliole  mountainous  part  of,  nnc 
immense  volcano,  451. 


R. 

Radiated  animals,  33* 

 structure  of  minerals,  59. 

Red  marL     See  AVir  rctl  marl  and  SatuU 

stone. 
Rents  in  rocks,  lOO. 

Reptiles,  found  alive  in  solid  stone,  2fi ; 

footmarks  of,  in  red  sandstone,  29.5. 
Retimutphaltum,  177. 

RhiniKcros,  fossil  remains  of,  556  ;  tooth 
of,  cut,  555. 

Rocks,  division  and  classification  of,  IQ_ 
L5  J  structure  of,  5iL  fi2  ;  division  into 
igneous,  atpieous,  and  mechanical,  84^ 
a5;  primary,  Jifi  ;  transition,  129. 

Rock-Mlt,  276;  depositories  of,  in  Cheshire, 
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2M;  Droitvich,  2£B;  Cardona,  in 
Spain,  *28*> ;  various  Ificalities  of  rock- 
salt,  liillL 

BoestoM.    Sec  Oolite. 

Rothe  todte  liepende,  or  lowest  bed  of  new 
red  sand^one,  273.  224- 

Jiowley  rap,  basalt  near  Dudley  so  called, 
cjiieriments  on,  249. 

Jiuh/^  or  rumilly  beds  in  coal  strata*  are 
partly  composed  of  fragments,  or  loose 
materials,  11)9. 


Saddle-shaped  strata^ 

Saleve,   Great  and  Little^  near  Geneva, 

blocks  of  stones  scattered  on  these 

mountains,  ■'^9:^. 
Saline    ttpringt,    285.  Soc  also 

Rock-aalt. 
Salt,  quantity  of,  in  the  ocean,  8^ 
 works  of  Bex,  2Si2. ;  of  the  Taren- 

taise,  ib. 

Sandf  inundations  of,  552;  in  Lybia,  in 
Cornwall,  and  in  Guadaloupe,  ib. 

Sandstone.  See  I\'ew  red  sandstone,  Old 
red  sandstone,  and  Molusse. 

Sandstone  conglomerate  of  tlie  Alps  called 
Nagcl  flue,  dli. 

Sapphire,  crystallized  olumine  or  clay, 

Saturn,  density  of, 

Saurian  animalsj  or  lizards,  fossil  remains 
of,  dli  '^^^^ 

Saussure,  account  of  his  ascent  up  Mont 
Blanc,  Dl  ;  the  futi^uc  is  supposed  to 
have  abridged  his  life,  93* 

Saussurite,  crystallized  seq>cntine  com- 
bined with  jiide  or  fels{)ar,  12Q;  one  of 
the  hardest  and  heaviest  of  rocks,  ib. ; 
blocks  of  it  scattered  in  the  valley  of 
the  Rhone,  ib.  ;  immense  beds  of  it 
in  the  valley  of  Sass,  ib. ;  also  in  the 
Apennines,  ib. 

Scaglia,  a  mode  of  chalk,  n4Q ;  account 
of,  in  the  Tyrolese,  345. 

Scattered  blocks  of  granite,  in  the  Alps, 
59?^  ;  in  Cumberland  and  Wales, 
52SL 

Schist.    Sec  Slate. 

Sea,  encroachments  of^  538. 

SeatRS,  or  partings  in  rocks,  how  to  be 
distinguished  from  strata,  GiL 

Secondary  rock  formations,  abound  in  re- 
mains of  testaceous  animals,  265  ;  tlie 
flatz  or  flat  rocks  of  Werner,  2filL 

strata.  Chap.  XII.  2fi5 ;  mi- 
neral and  fossil  characters  of,  ib. ;  suc- 
ccsbion  and  tabular  arrangement  of, 


26& ;  section  of,  2C9 ;  secondary  strata 
of  Germany,  318. 
Sedffwich,  Professor,  on  the  protrusion  of 
trap  rocks,  2^  24a;  on  red  sandstone 
and  magnesian  limestone,  82a ;  bis 
opinion  on  the  duration  of  coid  in 
NorthumbcrUnd  and  Durham,  L2i ; 
his  observations  on  the  study  of  geo- 
logy. fiLL 

Sedgwick  and  Murchison,  ascertain  the 
occurrence  of  the  lower  beds  of  the 
coal  formation  in  Devonshire,  154  ;  on 
the  scagUa  of  the  Alps,  ^AiA. 
Selenitei  or  crystallized  gypsum,  SUm 
Septariof  or  balls  of  imperfect  iroastime, 
occur  in  London  cby,  374 ;  Parker's 
cement  made  of  them,  ib» 
Serpentine^  analysis  of,  56j  description 
of,  1 18  ;  localities  of,  119;  passage  of, 
into  pot-stone,  jade,  and  diallage,  ib. ; 
remvkable  position  of,  in  the  Apen- 
nines, 121  ;  serpentine  sometimes  (lasses 
into  trap  when  the  latter  rock  is  in 
cootact  with  limestone,  ib. ;  minerals 
associated  with  it  allied  to  talc,  1 19: 
sometimes   magnetic,  ib. ;  a  beautiful 
variety  in  Anglesea,  approaching  to 
noble  or  precious  serpentine,  t6. 
Sixt,  valley  of,  52fl ;  cut  of,  4^ 
Shale,  soft  slate  with  an  excess  of  car- 
bon,  5fi  ;  called  also  slate  clay,  I3ik  1£2. 
Sheep,  varieties  of,  might  be  mistaken  for 
distinct  species,  were  tlieir  skins  only 
found  in  a  fossil  state,  4QiL 
S'Aetfx,  chambered,  growth  of,  indq>endent 
of  auixnal  volition,  Pre.  Obs.  xxxvL  ; 
sliells  of  moluscte  change  their  form  by 
change  of  situation,  4DIL 
Shell  marl,  54«  ;  remains  of  land  quad- 
rupeds found  in  it,  ib. 
Sienite,  a  variety  of  granite  ia  which 
hornblende  supplies  the  place  of  micar 
SSt ;  occurs  in  Malvern  and  in  Cham- 
wood  Forest,  99.277  j  when  hornblende 
is  abundant,  is  deuominiited  greensUme, 
224.  22fi. 

Sienitic  granite,  99 ;  its  passage  into 
greenstone  and  trap,  99.  226. 

Silex,  or  siliceous  earth,  49 ;  flint,  chert, 
opal,  agate,  &c,  modiflcations  of,  5^ 

•S*!^  synonymous  with  stratum,  237. 

Stiver  ore,  vein  of,  at  Uspalata,  extends 
ninety  miles,  492. 

Silurian  system,  a  scries  of  lower  transition 
beds, so  called  by  Mr.  Murcliison  because 
they  occur  in  the  country  of  the  ancient 
Silures,  l2iL  155. 

Simple  minerals  composing  rucks,  enu- 
merated, 48,  52. 

Sivatheriumf  an  cxtraordiuar)'  animal  found 
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fosul  in  the  SulvIIimraalayan  hilb, 
SBCl  i  tooth  of,  ib.  (L31. 

Skeletons^  human^  in  Guadnloupe  sand- 
stone, 22 ;  in  various  caverns  in  France 
and  Germany,  516 — 55». 

SUUe^  called  also  day  idatc  and  argillace* 
ous  whistus  Sfi ;  roof  slate,  the  purest 
form  of,  ib, ;  component  parts  of,  i6. 

  Chap.  VII.  130 ;    cleavage  of, 

not  the  result  of  stratification,  IHI  ; 
wiicn  magnesia  prevails,  parses  into 
talcy  slate  and  chlorite,  ib, ;  carbona- 
ceous matter  fintt  discoveretl  in  slate 
rocks  as  they  approach  the  secondary 
strata,  132 ;  impressions  of  vegetables 
in  slate  rocks,  ib. ;  impressions  of  ferns 
in  the  slate  of  Mont  Blanc  and  Mont 
Cenis,  ib,  ;  effects  of  crystallization 
evident  in  slate,  ib.  ;  localities  of,  132; 
mountains  of,  have  oflcn  a  sharp  ser- 
rated outline,  ib. ;  the  most  metallifer- 
ous of  rocks  principally  lead  and 
copper,  133 ;  a  soft  kind  found  in 
coal  strata,  differs  from  clay  slate, 
L3Q ;  more  properly  called  shale  (which 
see). 

Slatj/,  or  laminar,  composed  of  straight 

parallel  thin  plates,  59. 
Soda  exists  in  great  abundance  in  sea 

water  and  rock  salt,  51, 
Soil,  formation  of,  542 — 547. 
Solar  radiation,  Sir  W.  Herschel's  ob' 

nervations  on,  600. 
Stalactites,  dcscril)ed,  525. 
Stalagmites,  described,  525. 
Statuary  marble,  localities  of  a  spurious 

sort  in  Scotland,  1 14. 
Stonesjield  slate,  261  ;    description  of, 

31 1  ;  extraordinary  fossil  remains  in, 

Strata,  up- raised  by  faults,  Temo\-al  anddis- 
appearance  of,  Chap.  IX.  200;  lower  aftd 
upper  strata  brought  to  the  same  level 
by  a  fault,  219 ;  and  by  overlapping, 
;  explained  by  cuts,  ib, 

•  seams,  69. 

Strati^ficaiioMf  Chap.  IV,  63i  the  know- 
ledge  of,  most  important  for  geologists, 
6^ ;  bow  to  obtain  a  distinct  idea  of  it, 
65. 

Stratified  rocks,  6£L 

Stratiform,  parallel  planes  in  igneous  or 
unstratificd  rocks,  resembling  strata, 
eix  112. 

Stream  works,  503. 

Structure  of  rocks,  59. 

Sub-yjpennine  strata,  fossil  remains  in, 
408,  4Q9 ;  singular  intermixture  of 
animal  remains  in  part  of  these  strata, 
4in. 


Sulrmarine  vcleanofs,  441.  443. 

Submersion  of  coal  strata  under  tlic  ocean, 
and  subsequent  elevation,  209.  211, 
21i2  ;  of  the  Portland  strata,  321.  O^iJ ; 
of  the  Wealden,  324 ;  submersion  and 
elevation  of  the  ground  in  various  parts 
of  Uie  globe,  513.  576. 

Subterranean  fire,  granitic  mountains  owe 
their  elevation  to  it,  102,  IDiL 
■  rivers  and  currents,  509 — 

516. 

Succession,   or    superposition   of  rocks, 

remarks  on,  255. 
Sulphur  not  a  constituent  part  of  rocks, 

except  in  the  form  of  sulphuric  acid, 

51  ;  a  volcanic  product,  474. 
Surface  of  the  fflobe  changed  by  external 

and  internal  causes,  1^ 
Swallow  holes,  144. 
Swilleys,  or  small  coal  basins,  17B. 


T. 

Tabular  arrangement  of  secondary  for- 
mations, ;  of  red  sandstone  with 
mognesian  limestone,  21L3 ;  of  oolite, 
am  aiiL  an ;  of  strata  in  the  Paris 
basin,  369,  370. 

Tla/c,  resembles  mica  in  appearance,  54 ; 
plates  flexible,  not  clastic,  55j  is  in- 
fusible, ib.  ;  supplies  the  place  of  mica 
in  most  of  the  granite  of  Mont  Blanc, 
ib. 

Talccus  slate,  structure  laminated,  LL2  ; 
saponaceous  and  scctile,  ib, ;  nearly 
allied  to  chlorite  slate,  ib. 

Tarentaise,  gypsum  of,  2113. 

Temperature  of  the  earth,  greater  at  a 
former  epoch  than  at  present,  fi^  IfiiL 
&3<i ;  on  solar  radiation,  internal  heat, 
and  altitude  of  the  sur&ce,  as  affecting 
the  temperature,  597.  fiOl  ;  on  astro- 
nomical causes  affecting  'temperature, 
SSLh  6Q1  ;  temperature  increases  with 
the  depth  in  wells  and  mitics,  603, 

Teneriffe,  Peak  of,  eruptions  from,  4.39. 

Tertiary  strata,  the  lower  or  more  an> 
cicnt  formations  described,  Cliap.X  VI L 
mil  of  England  and  the  Paris  ba- 
sin, Uble  of,  369.  aai  ;  description  of, 
3fiiL  ;  more  recent  tertiary  in  va- 
rious parts  of  France,  4{)fi ;  Sub- A  pen- 
nine  strata,  407.  410  ;  upper  fresli- 
water  strata  of  (Eningen,  41^^.  The 
names  eocene,  miocene,  and  pliocene  pro- 
Ijoscd  to  be  given  to  the  older,  middle, 
and  recent  tertiary,  objected  to,  C35. 
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Thermal  waiert  and  kni  gpringt  probably 
derivo  their  heat  frotn  subterranean  fire, 
102,  103  ;  thermal  waters  of  Enj^lnnd, 
Ac,  tal)lo  of  tlieir  temperature,  619  ; 
of  the  Alps,  623.  G21L 

Tilffote  Forest,  conglomerate  of,  326; 
Mr.  Mantcll's  discoveries  in, 

Toadtttme  nf  JhrbyMhire,  IA5  ;  alternates 
with  the  metAllifcrous  limestone,  ii2ih 

Tournal,  Af.,  his  opinion  respecting  hu- 
man bones  found  in  cnves,  .SI 8. 

Tow,  or  combustible  clay  in  coal  mines, 
L52. 

Trnehyte,  42fL 

Transition  rorka.  Chap.  VII.  I2G — 157  , 
intermixture   of  igneous   rocks  with 
aedtmcntary  depositions  frequent  in 
traiisition  districts,  l.S^  ;  different  elm-  . 
meters  of  the  transition  districts  in  the  I 
north  of  England,  in  Wales,  and  in  | 
DcvonsJiire,  1  r>'.\.  1 55  ;  organic  remains 
in  transition  rocks,  15fi.  15H. 

Transportation  of  loose  stones  and  blocks 
of  granite  and  other  rocks  to  distant 
countries,  52S.  591  ;  instances  of,  in 
our  own  island,  5*29. 

Traprock$,  Chap.  X.,  221,  and  see  Basalt  ; 
gradation  of  different  trap  rocks  into 
each  otlier,  ^tl5. ;  much  intermixed  with 
transition  rocks,  L53. 

Traumate,  or  grcywacke,  i;^4. 

Trelira,  M.,  his  ol»serTalions  on  the  for- 
mation of  ores,  riOO, 

Trilobite,  3A  ;  peculiar  to  transition  rocks, 
12S  ;  eyes  of,  their  structure,  157. 

Troubles  in  coal  fields,  169. 

Tnttttnlierp  cojtper  mtne^  the  deepest  in 
the  world,  4H5). 

Tvfot  ctUcareous,  547. 

■  volcanic,  474  ;  beds  of,  formed  of 
comminuted  trachyte,  479. 

Turtle,  fossil  remains  of,  :i22^ 


r.  and  V. 

I'ale  of  Thames,  section  of,  explained,  37:1. 

Vulletf  ofles  EcheUei,  :171. 

ValUys,  formation  of.  Chap.  XXIV.  ; 
five  different  theories  of,  considered, 
581.  592 ;  many  valleys  in  the  Alps 
originally  lakes,  51Si ;  some  valleys 
formed  lieforc  the  land  emcrgetl  from 
the  ocean.  592;  valleys,  narrow,  originate 
in  some  instances  from  fissures,  217. 

I'olparniso,  coast  of,  raised  by  an  earth- 
quake, lO^.  I 

J'f4fetnl>les,  structure  of,  41  ;  fossil  organic  1 
remains,  classification  of,  liL:  their  im- 


portance in  geology,  43 ;  TcgetaWe 
remains  in  coal  strata,  178.  182  ;  in 
the  strata  above  the  Portland  oolite, 
321  }  in  the  Wcalden  beds,  analogous 
to  those  of  tropical  climates,  S'^O. 

reins  of  granite,  rising  into  the  slate 
rocks  of  Cornwall,  ;  into  gneiss  at 
Aberdeen,  9S^ 

 metallic,  and  metallic  repa»iitorie«5, 

their  structure,  formation,  and  different 
phenomena  they  present^  Chap.  XX., 
483 — 507. 

Veinstone,  matrix  or  gangue  ;  the  mineral 
matter  associated  with  metallic  ores  in 
veins  sometimes  arranged  in  successive 
layers  with  the  ore,  487. 

Verde  antique,  L2tL 

Vertebrate  animals,  division  of,  into  four 
classes,  32.  36^ 

Vertical  Iteih,  or  strata,  mistakes  respect- 
ing them,  71  ;  remarks  on,  80 ;  rer- 
ti«d  beds  of  Mont  Blanc,  MA ;  in  the 
Alps,  105.  256 ;  vertical  l>eds  of  lime- 
stone and  granite  in  junction,  ol>- 
scnrctl  by  the  author  in  the  up|icr  part 
of  the  valley  of  LauterbrarL,  1  oi. 

Vesuvius,  long  periods  of  repose  between 
some  of  its  eniptions,  438. 

Vokanoe$,  general  phenomena  of,  4■'^/^ ; 
periods  of  repose,  438 ;  volcano  of 
Suinl>awa,  437  ;  of  Poi>ocatapetl,  439 ; 
submarine  volcanoes  near  Iceland, 
441  ;  near  the  Azores  442 ;  near  Sicily, 
443 ;  volcanic  eniptions  of  water  and 
mud,  444  ;  fish  ejected  from  volcamies. 

445  ;    geysers  and   boiling  springs, 

446  ;  groups  of  volcanoes  in  various 
parts  of  the  gk)lie,  447  ;  connection 
between  diMant  volcanoes,  448  ;  de- 
struction of  volcanoes,  ib.  ;  remarkable 
fall  of  the  largest  volcano  in  Java, 
440  ;  ancient  extinct  volcanoes,  4 .50 ; 
extinct  volcanoes  of  Auvergne,  4'? '2  ; 
the  Puy  dc  Pariou,  cut  of,  4  '  S  ;  vol- 
canic domes  in  the  vicinity  of  Clermont, 
457  ;  n  hollow  dtune  r»ear  Batavia,  4.SS  ; 
the  Puy  de  Dome,  4.SH  ;  Pny  de  Cbo- 
pine,  a  granitic  mountain  in  the  crat<>r 
of  a  volcano,  rut  of,  468  ;  extinct  vol- 
canoes near  the  Khine,  460  ;  craters  of 
elevation,  461 — 467  ;  observations  on 
volcanic  beat,  perhajts  connected  with 
electrical  action,  471  ;  pseudo  volcanoes 
472. 

Volcanic  rocks  and  product*,  473 — 481  ; 

analysis  of.  by  Cordicr,  480 ;  extreme 
,   liquidity  of  lava  wlien  first  ejected. 

Voltaic  electricity,  tlie  author's  earlyOj>inions 
of  its  agency  in  the  formation  of  metat- 
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lie  ores,  499,  500, ;  experiments  of 
Mr.  Crosse  and  Mr.  Fox,  507. 

Ton  Buch,  his  ol>scrvations  on  dolomite, 
28J  ;  on  craters  of  elevation,  4G5,  467. 

Votpes  mountains,  geology  of,  274. 

Unconformable  position^  IfL  fi&  74. 

Uraiian  mouniaint,  95. 


W. 

Wacke,  225 ;  earthy  basalt,  246. 

ffatt,  Mr.  Gregory f  experiments  on  lava 

and  basalt,  21& 
Waves,  destructive  effects  of,  when  raised 

by  eartttquakes,  IBQ^ 
Way-hoards,  146. 

Wealden    beds.    Chap.  XIV.    320;  of 

Kent  and  Sussex,  Q2Ii ;  map  of,  Mg4 ; 

Wealden  of  Dorsetshire,  325  ;  Mr. 

Mantell's  luminous  account  of,  321; 

organic  remains  in,  3Si  ;  submergence 

and  elevation  of,  Hiia.  347. 
Webster,  Mr.,  bis  account  of  the  strata  of 

the  Isle  of  Wight,  hqI. 
Weils,  the  waters  in,  sometimes  connected 

with  subterranean  currents,  514;  wells, 

Artesian,  temperature  increases  with 

the  depth,  fiOd. 
Westbury  Cliff,  fossil  bones  in,  ai^ 
Werner's  theory  of  tlie  origin  of  basalt, 

254 ;  of  metallic  veiiui,  495 ;  of  the 

formation  of  valleys,  581. 
Weymnuth,  burning  cliff,  122;  Weymouth 

districts,  faults  in,  remarks  upon,  QiUL 


Whetstone,  or  hone,  a  variety  of  talcy  slate 

with  quartz,  LIL. 
Whinstone,  a  provincial  name  for  trap 

rocks,  2*12. 
 sin,  '221 ;  Professor  Sedgwick's 

account  of,  2;ia;   Mr,  W.  Hulton's 

account  of,  240. 
tf^hile  stone,  a  variety  of  granite  in  which 

felspar  is  the  principal  ingredient,  filL 
Wild  measures,  1 32. 

Wood  coal,  or  brown  cofd,  its  origin,  1 76  ; 

at  Bovey,  ib.  ;   at  Cologne,  177  ;  a 

resinous  substance  found  in  it,   ib.  ; 

more  recent  than  common  coal,  1 85. 
Woodward,  Mr.  S.,  bis  account  of  Nor« 

folk  Crag,  ±15. 
Wren's  Nest  HiU,  IM± 


Y. 

Yellow  Jiicer  of  China,  mud  brought 

down  by,  540. 
Ybrdas  Cave,  144. 


z. 

ZeoKtes,  246. 

Zoophytes  and  moOuscous  antmailf. —Tlieir 
organic  remains  form  no  inconsiderable 
portion  of  the  earth's  surface,  115;  may 
have  the  jwwer  of  secreting  the  calcare- 
ous  matter  of  which  their  fossil  remains 
are  chiefly  composed,  1 1 6. 

Zetchsteinf  or  magncsian  limestone,  2fi2. 


Tlin  END. 
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